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Follicular lymphoma 9690/3 

In situ follicular neoplasia 9695/1* 

Duodenal-type follicular lymphoma 9695/3 

Testicular follicular lymphoma 9690/3 

Paediatric-type follicular lymphoma 9690/3 

Large B-cell lymphoma with IRP4 rearrangement 9698/3 

Primary cutaneous follicle centre lymphoma 9597/3 

Mantle cell lymphoma 9673/3 

In situ mantle cell neoplasia 9673/1* 

Diffuse large B-cell lymphoma (DLBCL), NOS 9680/3 

Germinal centre B-cell subtype 9680/3 

Activated B-cell subtype 9680/3 

T-cell/histiocyte-rich large B-cell lymphoma 9688/3 

Primary DLBCL of the CNS 9680/3 

Primary cutaneous DLBCL, leg type 9680/3 

EBV-positive DLBCL, NOS 9680/3 

EBV-positive mucocutaneous ulcer 9680/1 * 

DLBCL associated with chronic inflammation 9680/3 

Fibrin-associated diffuse large B-cell 

lymphoma 

Lymphomatoid granulomatosis, grade 1, 2 9766/1 

Lymphomatoid granulomatosis, grade 3 9766/3* 

Primary mediastinal (thymic) large 

B-cell lymphoma 9679/3 

Intravascular large B-cell lymphoma 9712/3 

ALK-positive large B-cell lymphoma 9737/3 

Plasmablastic lymphoma 9735/3 

Primary effusion lymphoma 9678/3 

Multicentric Castleman disease 

HHV8-positive DLBCL, NOS 9738/3 

HHV8-positive germinotropic lymphoproliferative 

disorder 9738/1* 

Burkitt lymphoma 9687/3 

Burkitt-like lymphoma with 11q aberration 9687/3* 

High-grade B-cell lymphoma 

High-grade B-cell lymphoma with MYC 
and BCL2 and/or 6CL6 rearrangements 9680/3 

High-grade B-cell lymphoma, NOS 9680/3 

B-cell lymphoma, unclassifiable, with features 

intermediate between DLBCL and classic 

Hodgkin lymphoma 9596/3 
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Mature T- and NK-cell neoplasms 
T-cell prolymphocytic leukaemia 9834/3 

T-cell large granular lymphocytic leukaemia 9831/3 

Chronic lymphoproliferative disorder of NK ceiis 9831/3 

Aggressive NK-cell leukaemia 9948/3 

Systemic EBV-positive T-cell lymphoma 

of childhood 9724/3 

Chronic active EBV infection of 

T- and NK-cell type, systemic form 

Hydroa vacciniforme-like lymphoproliferative 
disorder 9725/T 

Severe mosquito bite allergy 

Adult T-cell leukaemia/lymphoma 9827/3 

Extranodal NK/T-cell lymphoma, nasal type 9719/3 

Enteropathy-associated T-cell lymphoma 9717/3 

Monomorphic epitheliotropic intestinal 

T-cell lymphoma 9717/3 

Intestinal T-cell lymphoma, NOS 9717/3 

indoient T-ceii iymphoproiiferative disorder 
of the gastrointestinai tract 9702/1 ’ 

Hepatosplenic T-cell lymphoma 9716/3 

Subcutaneous panniculitis-like T-cell lymphoma 9708/3 

Mycosis fungoides 9700/3 

Sezary syndrome 9701/3 

Primary cutaneous CD30-positive T-celi 

lymphoproliferative disorders 

Lymphomatoid papulosis 9718/1’ 

Primary cutaneous anaplastic 

large cell lymphoma 9718/3 

Primary cutaneous gamma delta T-cell 

lymphoma 9726/3 

Primary cutaneous CD8-positive aggressive 
epidermotropic cytotoxic T-ceii iymphoma 9709/3 

Primary cutaneous acrai CD8-positive 
T-ceii iymphoma 9709/3’ 

Primary cutaneous CD4-positive smaii/medium 
T-ceii iymphoproiiferative disorder 9709/1 

Peripheral T-cell lymphoma, NOS 9702/3 

Angioimmunoblastic T-cell lymphoma 9705/3 

Follicular T-cell lymphoma 9702/3 

Nodal peripheral T-cell lymphoma with 

T follicular helper phenotype 9702/3 

Anaplastic large cell lymphoma, ALK-positive 9714/3 

Anaplastic large cell lymphoma, ALK-negative 9715/3’ 

Breast impiant-associated anapiastic 
iarge ceii iymphoma 9715/3’ 

Hodgkin lymphomas 
Nodular lymphocyte predominant Hodgkin 

lymphoma 9659/3 

Classic Hodgkin lymphoma 9650/3 

Nodular sclerosis classic Hodgkin lymphoma 9663/3 

Lymphocyte-rich classic Hodgkin lymphoma 9651/3 

Mixed cellularity classic Hodgkin lymphoma 9652/3 

Lymphocyte-depleted classic Hodgkin 

lymphoma 9653/3 

Immunodeficiency-associated 
lymphoproliferative disorders 
Post-transplant lymphoproliferative disorders (PTLD) 

Non-destructive PTLD 

Plasmacytic hyperplasia PTLD 

Infectious mononucleosis PTLD 

Florid follicular hyperplasia 

Polymorphic PTLD 9971/1 

Monomorphic PTLD 

Classic Hodgkin Lymphoma PTLD 9650/3 

Other iatrogenic immunodeficiency- 

associated lymphoproliferative disorders 

Histiocytic and dendritic cell neoplasms 
Histiocytic sarcoma 9755/3 

Langerhans cell histiocytosis, NOS 9751/1 

Langerhans cell histiocytosis, monostotic 9751/1 

Langerhans cell histiocytosis, polystotic 9751/1 

Langerhans cell histiocytosis, disseminated 9751/3 

Langerhans cell sarcoma 9756/3 

indeterminate dendritic cell tumour 9757/3 

Interdigitating dendritic cell sarcoma 9757/3 

Follicular dendritic cell sarcoma 9758/3 

Fibroblastic reticular cell tumour 9759/3 

Disseminated juvenile xanthogranuloma 

Erdheim-Chester disease 9749/3 

The morphology codes are from the International Classification of Diseases 
for Oncology (ICD-0) |1257A1. Behaviour is coded /O for benign tumours; 
/I for unspecified, borderline, or uncertain behaviour; /2 for carcinoma in 
situ and grade III intraepithelial neoplasia; and /3 for malignant tumours. 
The classification is modified from the previous WHO classification, taking 
into account changes in our understanding of these lesions, 

* These new codes were approved by the iARO/WHO Committee for 
iCD-0. 

** These lesions are classified according to the lymphoma to which they 
correspond, and are assigned the respective iCD-0 code. 

Italics: Provisional tumour entities. 
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Why classify? Classification is the language 

of medicine; diseases must be described, 

defined, and named before they can be 

diagnosed, treated, and studied. A con¬ 

sensus on definitions and terminology is 

essential for both clinical practice and in¬ 

vestigation. A classification should contain 

diseases that are clearly defined, clinically 

distinctive, and non-overlapping (i.e. mutu¬ 

ally exclusive), and that together constitute 

all known entities (i.e. are collectively ex¬ 

haustive). A classification should provide 

a basis for future investigation and should 

be able to incorporate new information as it 

becomes available. Disease classification 

involves two distinct processes: class dis¬ 

covery (the process of identifying catego¬ 

ries of diseases) and class prediction (the 

process of determining to which category 

individual cases belong). The work of pa¬ 

thologists is essential for both processes. 

The 2008 WHO classification of tumours 
of the haematopoietic and iymphoid tis¬ 
sues (4th edition) {3848} was a collabora¬ 

tive project of the European Association 

for Haematopathology and the Society for 

Hematopathology. It was a revision and 

update of the 3rd edition {1820), which 

was the first true worldwide consensus 

classification of haematological malignan¬ 

cies. The 4th edition had an eight-member 

steering committee composed of members 

of both societies. Through a series of meet¬ 

ings and discussions, with input from both 

societies, the steering committee agreed 

on a proposed list of diseases and chap¬ 

ters and chose authors. As was done for 

the 3rd edition, the advice of clinical hae- 

matologists and oncologists was obtained 

to ensure that the classification would be 

clinically useful {1556}. Two clinical advi¬ 

sory committees were convened: one for 

myeloid neoplasms and other acute leu¬ 

kaemias and one for lymphoid neoplasms. 

The meetings were organized around a se¬ 

ries of questions, which addressed topics 

such as disease definitions, nomenclature, 

grading, and clinical relevance. The com¬ 

mittees were able to reach consensus on 

most of the questions posed, and much of 

the input from the committees was incor¬ 

porated into the classification. More than 

130 pathologists and haematologists from 

around the world were involved in writing 

the chapters. 

It has now been more than 8 years since 

the publication of the 4th edition, and nu¬ 

merous basic and clinical investigations 

have since led to many advances in the 

field that warrant an update to the clas¬ 

sification. Important contributions have 

been made through the application of 

high-throughput genetic technologies 

such as gene expression profiling and 

next-generation sequencing. These tech¬ 

nologies have led to new diagnostic tools 

and have revealed new mechanisms of 

tumorigenesis and new potential therapeu¬ 

tic targets. Because the 4th edition of the 

WHO classification of tumours series is not 

yet complete (with several volumes yet to 

be released), the 5th edition cannot yet be 

started, so the editors and authors have in¬ 

stead undertaken a major update to the ex¬ 

isting 4th edition of the WHO classification 
of tumours of the haematopoietic and lym¬ 
phoid tissues. This process has invoived 

many of the original editors as well as an 

additional three senior advisors special¬ 

izing in myeloid neoplasms and two senior 

advisors with expertise in molecular and 

cytogenetic issues. Clinical advisory com¬ 

mittee meetings were held regarding both 

myeloid and lymphoid neoplasms, as was 

done for prior editions. The key features of 

this revision have been summarized in re¬ 

cent review articles {129A,3848A}. 

The WHO classification of tumours of hae¬ 
matopoietic and lymphoid tissues is based 

on the principles initially defined in the Re¬ 
vised European-American classification of 
lymphoid neopiasms {REAL), proposed by 

the International Lymphoma Study Group 

(ILSG) {1557}. In the WHO classification, 

these principles have also been applied to 

the classification of myeloid and histiocytic 

neoplasms. The guiding principle of both 

the REAL and the WHO classification is 

the importance of defining ‘real’ diseases 

that can be recognized by pathologists 

using the available techniques, and that 

appear to be distinct clinical entities. There 

are three important components of this 

process. 

The first component is the recognition that 

the underlying causes of these neoplasms 

are often unknown and may vary. There¬ 

fore, the WHO approach to classification 

incorporates all available information - 

morphology, immunophenotype, genetic 

features, and clinical features - to define 

the diseases. The relative importance of 

each of these features varies by disease, 

depending on the current state of know¬ 

ledge; there is no single gold standard by 

which all diseases are defined. 

The second important component of this 

classification process is the recognition 

that the complexity of the field makes it 

impossible for any single expert or small 

group of experts to be completely au¬ 

thoritative; for a classification to be widely 

accepted, broad agreement is necessary. 

Therefore, the WHO approach to clas¬ 

sification relies on building a consensus 

on the definitions and nomenclature of 

the diseases among as many experts as 

possible. We recognize that compromise is 

essential for establishing a consensus, but 

we believe that even an imperfect single 

classification is better than multiple com¬ 

peting classifications. 

The final important component of this clas¬ 

sification process is the understanding that 

although pathologists must take primary 

responsibility for developing a classifica¬ 

tion, the involvement of clinicians is also 

essential, to ensure the classification’s 

usefulness and acceptance in daily prac¬ 

tice {1556}. When the 3rd edition of the 

WHO classification was published, pre¬ 

vious proponents of other classifications of 

haematological neoplasms agreed to ac¬ 

cept and use the new classification, end¬ 

ing decades of controversy over the clas¬ 

sification of these tumours {338A,339,340, 

1165,1330A, 1643A,2412A,2836,331 OA}, 

As stated above, there is no single gold 

standard by which all diseases are defined 

in the WHO classification. Morphology is al¬ 

ways important; many diseases have char¬ 

acteristic or even diagnostic morphological 

features. Immunophenotype and genetic 

features are also important aspects of the 

definition of tumours of haematopoietic and 

lymphoid tissues, and the availability of this 
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information means that it is now easier to 

establish consensus definitions than it was 

when only subjective morphological crite¬ 

ria were available. Immunophenotyping is 

used in the routine diagnosis of the vast 

majority of haematological malignancies, 

both to determine lineage in malignant pro¬ 

cesses and to distinguish between benign 

and malignant processes, Many diseases 

have an immunophenotype so characteris¬ 

tic that it is essential (or nearly essential) for 

the diagnosis; for other diseases, the im¬ 

munophenotype plays a smaller diagnostic 

role. For some lymphoid and many myeloid 

neoplasms, a specific genetic abnormality 

is the key defining criterion, whereas other 

neoplasms lack known specific genetic 

abnormalities. Some genetic abnormalities 

are characteristic of a given disease or dis¬ 

ease group but are not specific, such as 

MYC, CCND1, and BCL2 rearrangements 

and JAK2 mutations; others are prognos¬ 

tic factors for several diseases, such as 

TP53 mutations and FLT3 internal tandem 

duplication (FLT3-\JD). The use of immu- 

nophenotypic features and genetic abnor¬ 

malities to define entities not only provides 

objective criteria for diagnosis, but has 

also enabled the identification of antigens, 

genes, and pathways that can be targeted 

for therapy. The success of the anti-CD20 

monoclonal antibody rituximab for the 

treatment of B-cell neoplasms and the suc¬ 

cess of the tyrosine kinase inhibitor imatinib 

for the treatment of leukaemias associated 

with rearrangements in ABL1 and other ty¬ 

rosine kinase genes are testament to this 

approach. Finally, the diagnosis of some 

diseases requires knowledge of clinical 

features such as patient age, nodal versus 

extranodal presentation, specific anatomi¬ 

cal site, and history of cytotoxic and other 

therapies. Most of the diseases described 

in the WHO classification are considered to 

be distinct entities; however, some are not 

as clearly defined, and these are listed as 

provisional entities. In addition, borderline 

categories have been created for cases 

that do not clearly fit into a single category, 

so that well-defined categories can be kept 

homogeneous and borderline cases can 

be studied further. 

The WHO classification classifies neo¬ 

plasms primarily according to lineage - 

myeloid, lymphoid, or histiocytic/dendrit¬ 

ic - and a normal counterpart is postulated 

for each neoplasm. Although the goal is 

to define the lineage of each neoplasm, 

lineage plasticity can occur in precur¬ 

sor or immature neoplasms, and has also 

been identified in some mature haemato- 

lymphoid neoplasms. In addition, genetic 

abnormalities such as rearrangements in 

FGFRl FDGFRA, and PDGFRB, or PCM1- 
JAK2 fusion, can give rise to neoplasms 

of either myeloid or lymphoid lineage as¬ 

sociated with eosinophilia; these disor¬ 

ders are recognized as a separate group. 

Precursor neoplasms (i.e, acute myeloid 

leukaemias, lymphoblastic leukaemias/ 

lymphomas, acute leukaemias of ambigu¬ 

ous lineage, and blastic plasmacytoid 

dendritic cell neoplasm) are discussed 

separately from more-mature neoplasms 

(i.e. myeloproliferative neoplasms, masto¬ 

cytosis, myelodysplastic/myeloproliferative 

neoplasms, myelodysplastic syndromes, 

mature [peripheral] B-cell and T/NK-cell 

neoplasms, Hodgkin lymphomas, and his¬ 

tiocytic and dendritic cell neoplasms). The 

mature myeloid neoplasms are classified 

according to their biological features (i.e, 

myeloproliferative neoplasms with effec¬ 

tive haematopoiesis vs myelodysplastic 

neoplasms with ineffective haematopoie¬ 

sis), as well as by their genetic features. 

Within the category of mature lymphoid ne¬ 

oplasms, the diseases are generally listed 

according to their clinical presentation (i.e. 

disseminated often leukaemic, extranodal, 

indolent, or aggressive), and to some ex¬ 

tent according to the stage of differentia¬ 

tion when this can be postulated. However, 

the order in which the diseases are listed 

is in part arbitrary, and is not an integral 

aspect of the classification. 

This revised 4th edition of the WHO clas¬ 

sification incorporates new information 

that has emerged since the publication of 

the original 4th edition. It includes some 

changes in terminology related to our im¬ 

proved understanding of certain disease 

entities and presents revised defining 

criteria for some neoplasms. In addition, 

a number of previously provisional enti¬ 

ties have now been accepted as definite 

entities, and new provisional entities have 

been added - some defined by genetic 

criteria (particularly among the myeloid 

neoplasms) and others by a combination 

of morphology, immunophenotype, and 

clinical features. The frequent application 

of immunophenotyping and genetic stud¬ 

ies using peripheral blood, bone marrow, 

and lymph node samples has led to the 

detection of small clonal populations in 

asymptomatic individuals. These clonal 

populations include small clones of cells 

with the BCR-ABL1 translocation seen in 

chronic myeloid leukaemia, small clones 

of cells with \GFtlBCL2 rearrangement, 

and small populations of cells that have 

the immunophenotype of chronic lympho¬ 

cytic leukaemia or follicular lymphoma (i.e. 

monoclonal B-cell lymphocytosis, in situ 

follicular and mantle cell neoplasia, paedi¬ 

atric follicular hyperplasia with monoclonal 

B ceils, and more recently, mutations in 

haematopoietic cells in older individuals, 

without evidence of a haematological ma¬ 

lignancy-so-called clonal haematopoiesis 

of indeterminate potential [3772)). It is not 

always clear whether these clonal prolif¬ 

erations constitute early involvement by 
a neoplasm, a precursor lesion, or an in¬ 

consequential finding. These situations are 

somewhat analogous to the identification 

of small monoclonal immunoglobulin com¬ 

ponents in serum (i.e. monoclonal gam- 

mopathy of undetermined significance). 

The chapters on these neoplasms include 

updated recommendations for dealing with 

these situations. The recommendations of 

international consensus groups have also 

been updated, with regard to criteria for 

the diagnosis of chronic lymphocytic leu¬ 

kaemia and plasma cell myeloma. 

Any classification of diseases must be 

periodically reviewed and updated to in¬ 

corporate new information. The Society for 

Hematopathology and the European Asso¬ 

ciation for Haematopathology now have a 

reoord of nearly two decades of collabora¬ 

tion and cooperation in this effort. The soci¬ 

eties are committed to updating and revis¬ 

ing the classification as needed, with input 

from clinicians and in collaboration with 

the International Agency for Research on 

Cancer (lARC) and WHO, The process of 

developing and updating the WHO classi¬ 

fication has generated a new and exciting 

degree of cooperation and communication 

among pathologists and oncologists from 

around the world, which will facilitate our 

oontinued progress in the understanding 

and treatment of haematological malig¬ 

nancies. The multiparameter classifica¬ 

tion approach that has been adopted by 

the WHO classification, with its emphasis 

on defining real disease entities, has been 

shown in international studies to be repro¬ 

ducible; the diseases defined are clinically 

distinctive, and the uniform definitions and 

terminology used facilitate the interpreta¬ 

tion of clinical and translational studies (1, 

148), In addition, the accurate and precise 

classification of disease entities has facili¬ 

tated the discovery of the genetio basis of 

myeloid and lymphoid neoplasms in the 

basic science laboratory. 

14 Introduction to the WHO classification of tumours of haematopoietic and lymphoid tissues 



CHAPTER 1 

Introduction and overview of the classification of 



Introduction and overview of the 
ciassification of myeloid neopiasms 

Arber D.A. 

Orazi A. 

Hasserjian R.P. 

Brunning R.D. 

Le Beau M.M. 

Porwit A. 

Tefferi A. 

Levine R. 

Bloomfield C.D. 

Cazzola M. 

Thiele J. 

The 2001 WHO Classification of Tumours: 
Pathology and Genetics of Tumours of 
Haematopoietic and Lymphoid Tissues 
(3rd edition) reflected a paradigm shift in 

the approach to the classification of my¬ 

eloid neoplasms (1820). For the first time, 

genetic information was incorporated into 

diagnostic algorithms provided for the 

various entities. The publication was pref¬ 

aced with a comment predicting future 

revisions necessitated by rapidly emerg¬ 

ing genetic information relevant to the di¬ 

agnosis and classification of myeloid ma¬ 

lignancies. The 4th edition (published in 

2008) and the current 4th edition revision 

reflect the significant new molecular in¬ 

sights that have become available since 

the publication of the 2001 edition. 

The first entity described in this volume, 

chronic myeloid leukaemia, remains the 

prototype for the identification and clas¬ 

sification of myeloid neoplasms. This leu¬ 

kaemia is recognized by its clinical and 

morphological features, and Its natural 

progression is characterized by an in¬ 

crease in blasts of myeloid, lymphoid, or 

mixed myeloid-lymphoid immunophe- 

notype. It is always associated with the 

BCR-ABL1 fusion gene, which results in 

the production of an abnormal protein ty¬ 

rosine kinase with enhanced enzymatic 

activity. This oncoprotein is sufficient to 

cause the disease and is also a target for 

protein tyrosine kinase inhibitor therapy, 

which has prolonged the lives of thou¬ 

sands of patients with this previously fatal 

illness {1040}. This successful integration 

of clinical, morphological, and genetic in¬ 

formation embodies the goal of the WHO 

classification scheme. 

In this revision, the combination of clini¬ 

cal, morphological, immunophenotypic, 

and genetic features continues to be 

used in an attempt to define disease enti¬ 

ties, such as chronic myeloid leukaemia, 

that are biologically homogeneous and 

clinically relevant - the same approach 

used in the 3rd and 4th editions of the 

classification. The previous classifica¬ 

tion schemes opened the door to includ¬ 

ing genetic abnormalities as criteria for 

classifying myeloid neoplasms, and the 

current revision explicitly acknowledges 

that recurrent genetic abnormalities not 

only provide objective criteria for rec¬ 

ognition of specific entities but are also 

vital for the Identification of abnormal 

gene products and pathways that are 

potential therapeutic targets. Several 

disease subgroups and sets of defining 

criteria have been expanded to include 

not only neoplasms associated with chro¬ 

mosomal abnormalities recognizable by 

conventional karyotyping, but also those 

with gene mutations with or without a cy¬ 

togenetic correlate. However, the impor¬ 

tance of careful clinical, morphological, 

and immunophenotypic characterization 

of every myeloid neoplasm, and correla¬ 

tion with the genetic findings, cannot be 

overemphasized. The discoveries of acti¬ 

vating JAK2 mutations and mutations in 

CALR and MPL have revolutionized the 

diagnostic approach to myeloprolifera¬ 

tive neoplasms (MPNs) {299,1831,2014, 

2037,2099,2290,2823}. However, these 

mutations are not specific for any single 

clinical or morphological MPN pheno¬ 

type, and some are also reported in cer¬ 

tain cases of myeiodysplastic syndromes 

(MDSs), myelodysplastic/myeloprolifera- 

tive neoplasms (MDS/MPNs), and acute 

myeloid leukaemia (AML). Therefore, an 

integrated, multimodality approach is 

necessary for the classification of all my¬ 

eloid neoplasms. It is also critical to eluci¬ 

date how molecular testing can be used 

to inform the diagnosis and treatment of 

myeloid malignancies, and to articulate 

how these tests should be incorporated 

into clinical practice, on the basis of cur¬ 

rent and evolving scientific evidence. 

With so much yet to be learned, there 

may be some missteps as traditional 

approaches to categorization are fused 

with more molecularly oriented classifi¬ 

cation schemes. But the authors, senior 

advisors and editors of this revision of 

the WHO classification, as well as the 

clinicians who served as members of 

its clinical advisory committees, have 

worked diligently to develop an updated, 

evidence-based classification that can 

be used in daily practice for therapeutic 

decision-making and that also provides a 

flexible framework for integration of new 

data. 

Prerequisites for the 
ciassification of myeioid 
neopiasms by WHO criteria 

The WHO classification of myeloid neo¬ 

plasms relies on the morphological, cy- 

tochemical, and immunophenotypic fea¬ 

tures of the neoplastic cells to establish 

their lineage and degree of maturation, 

and to determine whether the cellular 

appearance is cytologically normal, dys- 

plastic, or otherwise morphologically ab¬ 

normal. The classification is based on cri¬ 

teria applied strictly to initial specimens 

obtained prior to any therapy. Blast per¬ 

centages in the peripheral blood, bone 

marrow, and other involved tissues re¬ 

main of practical importance for catego¬ 

rizing myeloid neoplasms and determin¬ 

ing their progression. Cytogenetic and 

molecular genetic studies are required at 

the time of diagnosis not only for recogni¬ 

tion of specific genetically defined enti¬ 

ties, but also for establishing a baseline 

against which follow-up studies can be 

interpreted to assess disease progres¬ 

sion. Given the integrated, multimodality 

approach required for diagnosing and 

classifying these neopiasms, it is recom¬ 

mended that the various diagnostic stud¬ 

ies be correlated with the clinical findings 

and communicated in a single integrated 

report. If a definitive classification cannot 

be determined, the report should indicate 

why and provide guidance for additional 

studies that may clarify the diagnosis. 

For the purpose of achieving consist¬ 

ency, the following guidelines are recom¬ 

mended for the evaluation of specimens 

when a myeloid neoplasm is suspected. 

In this context, a standardized approach 

to the processing, documentation, and 

reporting of bone marrow findings is 

emphasized {2253}. It is assumed that 

the evaluation will be performed with full 

knowledge of the clinical history and per¬ 

tinent laboratory data. 
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Morphology 

Peripheral blood 
A peripheral blood smear should be 

examined and correlated with the results 

of a complete blood count. Freshly made 

smears should be stained with May-Grun- 

wald-Giemsa or Wright-Giemsa stain and 

examined for white blood cell, red blood 

cell, and platelet abnormalities. It is im¬ 

portant to ensure that smears are well 

stained. Evaluation of neutrophil granular¬ 

ity is important when a myeloid disorder is 

suspected; the designation of neutrophils 

as abnormal on the basis of hypogranular 

cytoplasm alone should not be considered 

unless the stain is well controlled. Manual 

200-cell leukocyte differential counts are 

recommended as part of the peripheral 

blood smear evaluation in patients with a 

myeloid neoplasm when the white blood 

cell count permits. The presence of abnor¬ 

mal erythrocytes (e.g. tear-drop cells) as 

well as platelet size and granularity should 

also be taken into account. 

Bone marrow aspiration 
Aspirate smears should be stained with 

May-Grunwald-Giemsa or Wright-Giemsa 

stain for optimal visualization of cytoplas¬ 

mic granules and nuclear chromatin. Be¬ 

cause the WHO classification relies on 

percentages of blasts and other specific 

cells to categorize some entities, it is rec¬ 

ommended that 500 nucleated bone mar¬ 

row cells be counted on cellular aspirate 

smears in an area as close to the particle 

and as undiluted with blood as possible. 

Counting from multiple smears may reduce 

sampling error due to irregular distribution 

of cells. The cells to be counted include 

blasts and promonocytes (as defined be¬ 

low), promyelocytes, myelocytes, meta¬ 

myelocytes, band neutrophils, segmented 

neutrophils, eosinophils, basophils, mono¬ 

cytes, lymphocytes, plasma cells, eryth- 

roid precursors, and mast cells. Megakary¬ 

ocytes (including dysplastic forms) should 

not be counted. If a concomitant non-mye- 

loid neoplasm (e.g. plasma cell myeloma) 

is present, it is reasonable to exclude those 

neoplastic cells from the count for the pur¬ 

pose of classifying the myeloid neoplasm. 

If an aspirate cannot be obtained due to 

fibrosis or cellular packing, touch prepara¬ 

tions of the biopsy may yield valuable cy- 

tological information, but differential counts 

from touch preparations may not be repre¬ 

sentative. When performing touch prepara¬ 

tions, care must be taken to avoid crush 

artefact or damage to the core biopsy. The 

differential counts obtained from marrow 

aspirates should be compared with an esti¬ 

mate of the proportions of cells observed in 

available corresponding biopsy sections. 

Bone marrow trephine biopsy 
The importance of adequate bone mar- 

1 cm 

Fig. 1.02 Bone marrow trephine biopsies of suspected 
myeloid neoplasms should be >1.5 cm in length and 
obtained at right angles to the cortical bone. 

row biopsy sections for the diagnosis of 

myeloid neoplasms cannot be overstated. 

The bone marrow biopsy provides infor¬ 

mation regarding overall (age-matched) 

cellularity, histotopography, and the pro¬ 

portion and maturation of haematopoietic 

cells and also enables evaluation of bone 

marrow stroma and cancellous bone 

structure. The biopsy also provides mate¬ 

rial for immunohistochemical studies that 

may be of diagnostic and prognostic im¬ 

portance. A biopsy is essential whenever 

there is myelofibrosis, and the classifica¬ 

tion of some entities, in particular MPNs, 

relies heavily on histology sections. The 

specimen must be adequate, be taken at 

a right angle from the cortical bone, and 

be >1.5 cm in length (to enable evalua¬ 

tion of >10 partially preserved intertra- 

becular areas (2253}, It should be well 

fixed, thinly sectioned (at 3-4 pm), and 

stained with H&E and/or a stain such as 

Giemsa that allows for detailed morpho¬ 

logical evaluation. A silver impregnation 

method (including reticulin and collagen 

assessment) is recommended for evalu¬ 

ation for marrow fibrosis, which should be 

graded according to the European con¬ 

sensus scoring system {2148,3975}. Pe¬ 

riodic acid-Schiff (PAS) staining may fa¬ 

cilitate the detection of megakaryocytes. 

Immunohistochemical study of the biop¬ 

sy (discussed below) can be very useful 

in the evaluation of myeloid neoplasms. 

Blasts 
The percentage of myeloid blasts is very 

important for the diagnosis and classi¬ 

fication of myeloid neoplasms. In the 

peripheral blood, the blast percentage 

should be determined from a 200-cell 

leukocyte differential count and in the 

bone marrow, from a 500-cell count using 

cellular bone marrow aspirate smears as 

described above. The blast percentage 

determined from the bone marrow aspi¬ 

rate should correlate with an estimate of 
Fig. 1.01 Myelodysplastic syndrome. Bone marrow biopsies should be well fixed, and thin (3-4 pm) sections should 
be stained with H&E and/or Giemsa stain to enable optimal evaluation of histological details. 
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the blast percentage in the trephine biop¬ 

sy. Immunohistochemical staining of the 

bone marrow biopsy for CD34-I- blasts is 

often helpful in correlating aspirate and 

trephine biopsy findings (particularly fo¬ 

cal clusters or sheets of blasfs), although 

in some myeloid neoplasms the blasts do 

not express CD34, Flow cytometry deter¬ 

mination of blast percentage should not 

be used as a substitute for visual count¬ 

ing of blasts: flow cytometry samples are 

often haemodilute, and they can be af¬ 

fected by a number of preanalytic vari¬ 

ables; in addition, as noted above, not all 

blasts express CD34. 

Myeloblasts, monoblasts, and megakar- 

yoblasts are included in the blast count. 

Myeloblasts range from slightly larger 

than mature lymphocytes to the size of 

monocytes or larger, with scant to abun¬ 

dant dark-blue to bluish-grey cytoplasm. 

The nuclei are round to oval, with finely 

granular chromatin and usually several 

nucleoli; in some, nuclear irregularities 

are prominent. The cytoplasm may con¬ 

tain a few azurophilic granules. 

Monoblasts are large cells with abundant 

cytoplasm that can be light grey to deep 

blue and may show pseudopod forma¬ 

tion. Their nuclei are usually round, with 

delicate, lacy chromatin and one or more 

large, prominent nucleoli. They are usu¬ 

ally strongly positive for non-specific 

esterase (NSE), but have no or only 

weak myeloperoxidase (MPO) activity. 

Promonocytes have a delicately convo¬ 

luted, folded, or grooved nucleus with 

finely dispersed chromatin; a small, in¬ 

distinct, or absent nucleolus; and finely 

granulated cytoplasm. Most promono¬ 

cytes express NSE and have MPO activ¬ 

ity. Promonocytes are considered to be 

monoblast equivalents when the requi¬ 

site percentage of blasts is tallied for the 

diagnosis of acute monoblastic, acute 

monocytic, or acute myelomonocytic 

leukaemia and in subclassifying chronic 

myelomonocytic leukaemia. Distinguish¬ 

ing between monoblasts and promono¬ 

cytes is often difficult, but because both 

cell types are regarded as monoblasts 

for the purpose of rendering a diagno¬ 

sis of AML, the distinction between a 

monoblast and a promonocyte is not 

always critical. Distinguishing promono¬ 

cytes from more mature but abnormal 

leukaemic monocytes can also be dif¬ 

ficult, but is critical, because the desig¬ 

nation of a case as acute monocytic or 

acute myelomonocytic leukaemia versus 

chronic myelomonocytic leukaemia of¬ 
ten hinges on this distinction. Abnormal 

monocytes have more clumped chroma¬ 

tin than promonocytes, variably indented 

folded nuclei, and grey cytoplasm with 

more abundant lilac-coloured granules. 

Nucleoli are usually absent or indistinct. 

Abnormal monocytes are not considered 

to be monoblast equivalents. 

Megakaryoblasts are usually small to 

medium-sized, with a round, indented, or 

irregular nucleus with fine reticular chro¬ 

matin and 1-3 nucleoli. The cytoplasm 

is basophilic, is usually agranular, and 

may show cytoplasmic blebs (see Acute 
megakaryoblastic leukaemia, p. 162). 

Small dysplastic megakaryocytes and 

micromegakaryocytes are not blasts. 

In acute promyelocytic leukaemia, the 

blast equivalent is the abnormal pro¬ 

myelocyte. Early erythroid precursors 

(proerythroblasts) are not included in the 

blast count, except in the rare setting of 

pure erythroid leukaemia. 

Cytochemistry and other special stains 
Cytochemical studies are useful in deter¬ 

mining the lineage of blasts, although in 

some laboratories they have been sup¬ 

planted by immunological studies using 

flow cytometry and/or Immunohistochem- 

istry. Cytochemical studies are usually 

performed on peripheral blood and bone 

marrow aspirate smears, but some can 

Fig. 1.03 Acute myeloid leukaemia. A Agranular myeloblasts. B Granulated myeloblasts. 

Fig. 1.04 Monoblasts, promonocytes, and abnormal 

monocytes from a case of acute monocytic leukaemia. 

Top: The monoblasts are large, with abundant cyto¬ 

plasm that may contain a few vacuoles or fine granules 
and have round nuclei with lacy chromatin and one or 

more variably prominent nucleoli. Middle: Promono¬ 

cytes have more irregular and delicately folded nuclei, 

with fine chromatin, small indistinct nucleoli, and finely 
granulated cytoplasm. Bottom: Abnormal monocytes 

appear immature, but have more condensed nuclear 

chromatin, convoluted or folded nuclei, and more 

cytoplasmic granulation. 

be performed on histological sections of 

bone marrow or other tissues. Detection 

of MPO indicates myeloid differentiation, 

but its absence does not exclude a my¬ 

eloid lineage, because early myeloblasts 

as well as monoblasts can lack MPO. 

The MPO activity in myeloblasts is usu¬ 

ally granular and is often concentrated 

in the Golgi region, whereas monoblasts 

(although usually MPO-negative) may 

show fine, scattered MPO-positive gran¬ 

ules, a pattern that becomes more pro¬ 

nounced in promonocytes. Erythroid 

blasts, megakaryoblasts, and lympho¬ 

blasts are also MPO-negative. Sudan 

Black B staining parallels MPO staining 

but is less specific. In the occasional cas¬ 

es of lymphoblastic leukaemia that ex¬ 

hibit Sudan Black B positivity, light-grey 

granules are seen rather than the black 

granules that characterize myeloblasts. 

The NSEs (alpha-naphthyl butyrate es¬ 

terase and alpha-naphthyl acetate,es¬ 

terase) show diffuse cytoplasmic activity 

in monoblasts and monocytes. Lympho- 
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Fig. 1.05 Antigen expression at various stages of normal myeloid differentiation. 

blasts may have focal punctate activity 

with NSEs, but neutrophils are usually 

negative. Megakaryoblasts and erythroid 

blasts may have some multifocal, punc¬ 

tate alpha-naphthyl acetate positivity, but 

the reactivity is partially resistant to sodi¬ 

um fluoride inhibition, whereas monocyte 

reactivity is totally inhibited by sodium 

fluoride. The combined use of an NSE 

and the specific esterase naphthol AS-D 

chloroacetate esterase (CAE), which pri¬ 

marily stains cells of the neutrophil line¬ 

age and mast cells, enables identification 

of monocytes and immature and mature 

neutrophils simultaneously. Some cells, 

particularly in myelomonocytic leukae¬ 

mias, may exhibit simultaneous activity 

with NSEs and CAE. Although normal eo¬ 

sinophils lack CAE, it may be expressed 

by neoplastic eosinophils. CAE staining 

can be performed on tissue sections 

(providing the sections are not acid de¬ 

calcified) as well as on peripheral blood 

or bone marrow aspirate smears. In pure 

erythroid leukaemia, periodic acid-Schiff 

(PAS) staining may be helpful because 

the cytoplasm of the leukaemic pro¬ 

erythroblasts may show large globules of 

PAS positivity. Well-controlled iron stains 

should always be performed on the bone 

marrow aspirate to detect iron stores, nor¬ 

mal sideroblasts, and ring sideroblasts; 

ring sideroblasts are defined as erythroid 
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precursors with >5 granules of iron, en¬ 

circling one third or more of the nucleus. 

Immunophenotype 
Immunophenotypic analysis by either 

multiparameter flow cytometry or im- 

munohistochemistry is an essential tool 

in the characterization of myeloid neo¬ 

plasms. Differentiation antigens that ap¬ 

pear at various stages of haematopoi¬ 

etic development and in corresponding 

myeloid neoplasms are illustrated in 

Fig. 1.05, and a thorough description of 

the lineage assignment criteria is provid¬ 

ed in the sections on mixed-phenotype 

acute leukaemia (See Acute leukaemias 
of ambiguous lineage, p. 179). The tech¬ 

niques used and the antigens analysed 

vary according to the myeloid neoplasm 

suspected and the information required 

to best characterize it, as well as by the 

tissue available. Immunophenotyping is 

often important in the diagnosis of any 

haematoiogical neoplasm; in myeloid 

neoplasms, it is most commonly required 

to identify mixed-phenotype acute leu¬ 

kaemia, to distinguish between AML with 

minimal differentiation and lymphoblastic 

leukaemia, to detect monocytic differ¬ 

entiation in AML, and in determining the 

phenotype of blasts at the time of trans¬ 

formation of chronic myeloid leukaemia, 

MDS, MDS/MPN, and MPN. 

Multiparameter flow cytometry is the 

preferred method of immunophenotypic 

analysis in AML due to the ability to ana¬ 

lyse large numbers of cells in a relatively 

short period of time with simultaneous re¬ 

cording of information about several an¬ 

tigens for each individual cell. Extensive 

panels of monoclonal antibodies directed 

against leukocyte differentiation antigens 

are usually applied, due to the limited 

utility of individual markers in identify¬ 

ing the commitment of leukaemic cells 

to the various haematopoietic lineages. 

Evaluation of the expression patterns of 

several antigens, both membrane and 

cytoplasmic, is necessary for determin¬ 

ing lineage, identifying mixed-phenotype 

acute leukaemia, and detecting aberrant 

phenotypes that will facilitate the evalu¬ 

ation of follow-up specimens for minimal 

residual disease. 

Immunophenotypic analysis has a central 

role in distinguishing between AML with 

minimal differentiation and lymphoblas¬ 

tic leukaemia, and in chronic myeloid 

leukaemia in distinguishing the myeloid 

blast phase from the lymphoid blast 

phase. Among the AMLs with recurrent 

genetic abnormalities, several have char¬ 

acteristic phenotypes. These patterns, 

described in the respective sections, can 

facilitate the planning of molecular cy¬ 

togenetic (FISH) and molecular genetic 

investigations for individual patients. The 

immunophenotypic features of the other 

AML categories are extremely hetero¬ 

geneous, probably due to high genetic 

diversity. It has been suggested that the 

expression of certain antigens (e.g. CD7, 

CD9, CDIIb, CD14, CD56, and CD34) 

could be associated with an adverse 

prognosis in AML, but their independ¬ 

ent prognostic value is still controversial, 

and cytogenetic and molecular genetic 

abnormalities are generally more reliable 

prognostic markers than is immunophe¬ 

notype. With 8- or 10-colour flow cytom¬ 

etry, aberrant or unusual immunopheno- 

types have been found in as many as 

90% of cases of AML; these aberrancies 

include cross-lineage antigen expres¬ 

sion, maturational asynchronous expres¬ 

sion of antigens, antigen overexpression, 

and the reduction or absence of antigen 

expression. Similar aberrancies have 

been reported in MDS, and their pres¬ 

ence can be used to support the diag¬ 

nosis in early or morphologically difficult 

cases; however, aberrant flow cytom¬ 

etry immunophenotypes should not be 

used to diagnose MDS in the absence of 

standard diagnostic criteria. 

Immunophenotyping by immunohisto- 

chemistry on bone marrow biopsy sec¬ 

tions can be performed, provided that 

appropriate methods for fixation and 

decalcification have been applied. Anti¬ 

bodies reactive with paraffin-embedded 

bone marrow biopsy tissue are available 

for many lineage-associated markers 

(e.g. MPO, KIT [CD117], CD33, CD68R, 

CD14, lysozyme, glycophorin A and C, 

CD71, CD61, CD42b, CD19, CD3, PAX5, 

CD79a, and tryptase). As noted previ¬ 

ously, CD34 staining of the biopsy can fa¬ 

cilitate the detection of blasts and enable 

assessment of their distribution (provided 

the blasts express CD34) (2989). For cas¬ 

es rich in megaloblastoid erythroblasts, 

immunohistochemistry for glycophorin, 

CD71, E-cadherin, or haemoglobin may 

be helpful in distinguishing those cells 

from myeloblasts in MDS with excess 

blasts or pure erythroid leukaemia, and 

CD61 or CD42b staining often facilitates 

the identification of abnormal megakaryo¬ 

cytes and megakaryoblasts. 

Genetics 
The WHO classification includes a num¬ 

ber of entities defined in part by specific 

genetic abnormalities, including gene 

rearrangements due to chromosomal 

translocations, deletions, and specific 

gene mutations; therefore, the determina¬ 

tion of genetic features of the neoplastic 

ceils is of critical importance for a com¬ 

prehensive clinicopathological evalua¬ 

tion. A complete cytogenetic analysis 

of bone marrow by conventional karyo¬ 

typing should be performed at the time 

of initial evaluation to establish the cy¬ 

togenetic profile and at regular intervals 

thereafter to detect evidence of genetic 

evolution. Additional diagnostic genetic 

studies should be guided by the diag¬ 

nosis suspected on the basis of clinical, 

morphological, and immunophenotypic 

studies. In cases with variants of typi¬ 

cal cytogenetic abnormalities and cases 

in which the abnormality is cryptic (e.g. 

the FIP1L1-PDGFRA fusion in myeloid 

neoplasms associated with eosinophilia), 

RT-PCR and/or FISH may detect gene re¬ 

arrangements that are not apparent in the 

initial chromosomal analysis. Depending 

on the abnormality, quantitative PCR and/ 

or RT-PCR performed at the time of diag¬ 

nosis may also provide a baseline against 

which the response to therapy can be 

monitored. In addition, the use of array- 

based and next-generation sequencing 

technologies enables the sensitive and 

accurate detection of many common 

gene rearrangements and has emerged 

as an alternative to RT-PCR and FISH for 

the detection of pathogenic fusion genes 

in haematoiogical malignancies. 

A rapidly increasing number of somatic 

gene mutations detected by gene se¬ 

quencing, allele-specific PCR, and other 

techniques have emerged as important 

diagnostic and prognostic markers for 

all categories of myeloid neoplasms. 

Mutations in JAK2, MPL, CALR, NRAS, 
NF1, PTPN11, ASXL1, and KIT in MPN 

and MDS/MPN; TP53, SF3B1, ASXL1, 
RUNX1, EZFiZ, and ETV6 (among oth¬ 

ers) in MDS; and NPM1, CEBPA, FLT3, 
RUNX1, IDH1, IDH2, ASXL1, and KIT 
(among others) in AML are important for 

diagnosis and prognosis. In particular, 

JAK2. MPL, CALR, CSF3R, SF3B1, FLT3, 
NPM1, RUNX1, and CEBPA figure promi¬ 

nently in this revised classification. In 

addition, many recently characterized 

somatic disease alleles (e.g. recurrent 

mutations in TET2, ASXL1, and DNMT3A) 
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can serve as definitive markers of clonal 

haematopolesis, which can be used as 

an adjunct to the diagnosis of myeloid 

malignancies, despite the fact that these 

alleles are neither specific for a particu¬ 

lar disease nor sufficient to diagnose a 

myeloid neoplasm. These mutations and 

others seen in myeloid malignancies can 

also be observed in healthy individuals 

with clonal haematopolesis, which ap¬ 

pears to constitute a premalignant, clonal 

state with a variable risk of progression 

to overt, clinical disease, and has impor¬ 

tant implications for interpreting genetic 

profiling in the context of clinical, labora¬ 

tory, and pathological evaluation to make 

a specific diagnosis. 

Next-generation sequencing continues 

to emerge as a standard technology for 

mutational profiling; it is therefore criti¬ 

cal to establish methods for identifying 

alleles with diagnostic, prognostic, and 

therapeutic relevance, and to use best 

practices (including informational anno¬ 

tation and paired sequencing of tumour 

and normal material when possible) to 

ascertain which alleles are present as ac¬ 

quired mutations and which are present 

in the germline. In particular, given the 

likelihood of tumour-derived contamina¬ 

tion of paired normal material collected 

at diagnosis and the frequent presence 

of antecedent, premalignant clonal hae- 

matopoiesis at the time of clinical remis¬ 

sion, the choice and timing of collection 

of non-haematopoietic reference DNA 

are of critical importance for best-prac¬ 

tice genomic profiling. The current ap¬ 

proaches to genomic profiling include 

focused, gene-specific tests for a small 

set of genes tailored to a specific disease 

and/or clinical scenario, as well as panel- 

based assays that query all genes im¬ 

plicated in the pathogenesis of myeloid 

malignancies, or even more broadly, of 

all haematological malignancies. Both 

approaches have clinical value in the 

current context, but we expect the use of 

panel-based assays and whole-genome/ 

exome sequencing to increase as the 

cost and throughput of clinical genomic 

profiling continue to improve. 

Gene over- and underexpression, as 

well as loss of heterozygosity (LOH) and 

copy number variants detected by array- 

based approaches, are only now being 

recognized as important abnormalities, 

and may influence diagnostic and prog¬ 

nostic models in the near future (2770). It 

will be critical to develop gene-specific 

and panel-based assays to query for dif¬ 

ferential expression of specific biomark¬ 

ers and to assess for copy number and 

zygosity alterations at specific loci with 

diagnostic, prognostic, and therapeutic 

relevance. 

Revised WHO classification of 
myeloid neoplasms 

Myeloproliferative neoplasms 
The major subgroups of MPNs are 

listed in the WHO classification table 

at the beginning of this volume (p. 10). 

Note that the name of the entity previ¬ 

ously called ‘chronic myelogenous leu¬ 

kaemia, BCR-ABL1 positive’ has been 

changed to ‘chronic myeloid leukaemia, 

6C/T'-/\6/./-positive’. 

The MPNs are clonal haematopoietic 

stem cell disorders characterized by the 

proliferation of cells of one or more of the 

myeloid lineages (i.e, granulocytic, eryth- 

roid, and megakaryocytic). They primari¬ 

ly occur in adults, with incidence peaking 

in the fifth to seventh decades of life, but 

some subtypes are also reported in chil¬ 

dren. The annual incidence of all subtypes 

combined is 6 cases per 100 000 popula¬ 

tion (1375,1864,2764,4010). 

Most MPNs are initially characterized by 

varying degrees of age-matched hyper- 

cellularity of the bone marrow, with ef¬ 

fective haematopoietic maturation and 

increased numbers of granulocytes, red 

blood cells, and/or platelets in the pe¬ 

ripheral blood. Splenomegaly and he¬ 

patomegaly, caused by sequestration of 

excess blood cells and/or proliferation 

Fig. 1.06 Mechanism of activation of JAK2 kinase activity by mutations in the JAK2 signalling pathway. A Cytokine 

ligands normaliy bind cytokine receptors, which results in JAK2 phosphorylation, recruitment of STAT signalling 

proteins, and phosphorylation and activation of downstream signalling pathway components such as STAT 

transcription factors, MARK (ERK) signalling proteins, and the PI3K-AKT pathway. B The V617F-mutant and exon 

12-mutant JAK2 kinases bind cytokine receptors and are phosphorylated in the absence of ligand, leading to ligand- 

independent activation of downstream signalling pathways. C In contrast, MPL W515L/K-mutant thrombopoietin 

receptors can phosphorylate wildtype JAK2 in the absence of thrombopoietin, resulting in the activation of signalling 

pathways downstream of JAK2; negative regulation of JAK2 signalling is normally mediated by suppressor of cytokine 

signalling proteins, most notably SOCS1 and SOCS3; recent data indicate that the JAK2 V617F allele might escape 

negative feedback by SOCS3. Reproduced from Levine RL et al. (2289). 
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of abnormal haematopoietic progenitor 

cells, are common. Despite an insidi¬ 

ous onset, each MPN has the potential 

to undergo a stepwise progression that 

terminates in marrow failure due to mye¬ 

lofibrosis, ineffective haematopoiesis, or 

transformation to an acute blast phase. 

Evidence of genetic evolution usually 

heralds disease progression, as may 

increasing organomegaly, increasing or 

decreasing blood counts, myelofibrosis, 

and the onset of myelodysplasia. The 

finding of 10-19% blasts In the peripheral 

blood or bone marrow generally signifies 

accelerated disease, and a proportion 

of >20% is sufficient for the diagnosis of 

blast phase. 

Rationale for and problems with diagnosis 
and classification of myeloproliferative 
neoplasms 
The revisions to the 2008 criteria for the 

classification of MPNs have been influ¬ 

enced by three main factors (258): 

1. The recent discovery of genetic ab¬ 

normalities has provided diagnostic and 

prognostic markers and novel insights 

into the pathobiology of SC/T-/t6/_"/-neg¬ 

ative MPNs {3920,3932). 

2. Improved characterization and stand¬ 

ardization of morphological features aid¬ 

ing in histological pattern recognition 

and differentiation of disease groups 

has increased the reliability and repro¬ 

ducibility of diagnosis (257,1361,1379, 

2433.3977) . 

3. A number of clinicopathological stud¬ 

ies have now validated the WHO postu¬ 

late of an integrated approach that in¬ 

cludes haematological, morphological, 

and molecular genetic findings (251,266, 

1363.1379.1380.2433.3977) . 

Reports of controversial aspects have 

mainly focused on subjectivity and lack 

of interobserver reproducibility regard¬ 

ing the morphological criteria, especially 

their validity in distinguishing essential 

thrombocythaemia (ET) from prefibrotic/ 

early phases of primary myelofibrosis 

(pre-PMF) and polycythaemia vera (PV). 

A critical evaluation of these studies sug¬ 

gests that the failure to use a standard¬ 

ized approach to recognizing the dis¬ 

tinctive bone marrow features of these 

disorders resulted in incorrect histologi¬ 

cal pattern recognition (255,257,3977). 

However, several studies on large cohorts 

of patients have reported consensus 

rates for the correct diagnosis of MPNs of 

76-88%, which are significantly depend¬ 

ent on study design; for example, inclu¬ 

sion of all subtypes of MPN as opposed 

to restriction to ET vs pre-PMF, inclusion 

of control cases with reactive changes, 

and blinded morphological evaluation vs 

evaluation together with clinical data as 

recommended by the WHO diagnostic 

guidelines (257,1361,1379,2433). In this 

context, the learning effects of a work¬ 

shop exercise including interobserver 

consensus among six haematopatholo- 

gists included an increase in consensus 

from 49% to 72% and an agreement rate 

of 83% between blinded histological and 

clinical diagnoses (2434). A number of 

problems and pitfalls associated with 

assessing the fibrous matrix of the bone 

marrow, including the differentiation be¬ 

tween reticulin and collagen fibres and 

the grading of osteosclerosis, must be 

taken into account (2148). A multicentre 

study that compared the results of fibre 

grading between local pathologists and 

a panel of experts showed an overall 

agreement rate of only 56%, supporting 

the concept of central pathology review 

for clinical studies (3228). 

Most (if not all) MPNs are associated 

with clonal abnormalities either involv¬ 

ing genes that encode cytoplasmic or 

receptor protein tyrosine kinases (result¬ 

ing in the constitutive activation of onco¬ 

genic signalling pathways) or occurring 

in regulators of these pathways (resulting 

in similar biological consequences). The 

abnormalities described to date include 

translocations, insertions, deletions, and 

point mutations of genes resulting in 

abnormal, constitutively activated pro¬ 

tein tyrosine kinases that activate signal 

transduction pathways, leading to abnor¬ 

mal proliferation. In some cases, these 

genetic abnormalities (e.g. the BCR- 
ABL1 fusion gene in chronic myeloid 

leukaemia) are associated with consist¬ 

ent clinical, laboratory, and morphologi¬ 

cal findings, which enables their use as 

major criteria for classification; other ge¬ 

netic abnormalities provide proof that the 

myeloid proliferation is neoplastic rather 

than reactive. 

Acquired somatic mutations in JAK2, 
at chromosome band 9p24, have been 

shown to play a pivotal role in the patho¬ 

genesis of many cases of BCR-ABL1- 
negative MPNs (1831,2045,2099,2289, 

2290). The most common mutation, 

JAK2 V617F, results in a constitutively 

active cytoplasmic JAK2, which acti¬ 

vates STAT, MAPK, and PI3K signalling 

pathways to promote transformation 

and proliferation of haematopoietic pro¬ 

genitors. The JAK2 V617F mutation is 

found in almost all patients with PV and 

in nearly half of those with PMF and ET. 

In the few patients with PV who lack the 

JAK2 V617F mutation, activating JAK2 
exon 12 mutations may be found; these 

can be missense or insertion/deletion 

mutations that are not always detectable 

by standard JA/<2’mutation assays. In a 

small proportion of cases of PMF and ET, 

an activating MPL W515L or W515K mu¬ 

tation is seen, and somatic mutations in 

CALRare found in most ET and PMF cas¬ 

es with wildtype JAK2 and MPL. CALR 
and MPL mutations are therefore impor¬ 

tant diagnostic criteria for JA/^^-wiidtype 

ET and PMF, It is important to note that 

JAK2’V617F is not specific for any MPN, 

nor does its absence exclude MPN. The 

mutation can also be found in some cas¬ 

es of MDS/MPN and in rare cases of de 

novo AML and MDS, and can occur in 

combination with other well-defined ge¬ 

netic abnormalities, such as BCR-ABL1 
(1872). Therefore, the diagnostic algo¬ 

rithms for PV, ET, and PMF have been up¬ 

dated to take into account the mutational 

status of JAK2, MPL, and CALR, as well 

as to summarize the additional labora¬ 

tory and histological findings required to 

accurately classify cases, regardless of 

whether a mutation is present. 

The role that altered protein tyrosine ki¬ 

nases play in the pathogenesis of chronic 

myeloid leukaemia, PV, ET, and PMF sup¬ 

ports the inclusion of similar chronic mye¬ 

loid proliferations related to protein tyros¬ 

ine kinase abnormalities under the MPN 

umbrella; however, the molecular patho¬ 

genesis of some cases of ET and PMF, a 

subset of chronic neutrophilic leukaemia 

cases that lack CSF3R mutation, and a 

number of myeloid neoplasms associ¬ 

ated with eosinophilia remains unknown. 

For these cases, clinical, laboratory, and 

morphological features remain essential 

for diagnosis and olassification. 

Mastocytosis 
Due to its unique clinical and pathologi¬ 

cal features, mastocytosis (whioh ranges 

from indolent cutaneous disease to ag¬ 

gressive systemic disease) is no longer 

considered a subgroup of the MPNs. It is 

now a separate disease category in the 

WHO classification. 
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Myeloid/lymphoid neoplasms with 
eosinophilia and gene rearrangement 
This category of the classification re¬ 
mains largely unchanged, except for 
the addition of the provisional entity of 
myeloid/lymphoid neoplasms with t(8;9) 
(p22;p24.1) resulting in PCM1-JAK2 
{230,3108). The finding of a rearrange¬ 
ment of PDGFRA, PDGFRB, or FGFR1, 
or of PCM1-JAK2 places a case in this 
category regardless of the morphologi¬ 
cal classification; eosinophilia is absent 
in a subset of cases. Myeloid neoplasms 
with eosinophilia that lack all of these 
abnormalities and that meet the crite¬ 
ria for chronic eosinophilic leukaemia, 
not otherwise specified (NOS), should 
be placed in that MPN subgroup. Other 
J/AK^-rearranged neoplasms, such as 
those with t(9;12)(p24.1;p13.2), resulting 
in ETV6-JAK2, and t(9;22)(p24.1;q11,2), 
resulting in BCR-JAK2, may have similar 
features, but are uncommon and are not 
included as formal entities in this clas¬ 
sification. Many cases with BCR-JAK2 
present primarily as B-lymphoblastic leu¬ 
kaemia, and these are best classified as 
B-lymphoblastic leukaemia/lymphoma, 
BCR-ABL1-\'\ke (a new provisional cat¬ 
egory of B-lymphoblastic leukaemia/lym¬ 
phoma) {230), 

Myelodysplastic/myeloproliferative 
neoplasms 
The MDS/MPNs include clonal myeloid 
neoplasms that at the time of initial pre¬ 
sentation are associated with some find¬ 
ings that support the diagnosis of an MDS 
and other findings more consistent with 
an MPN {2987). These neoplasms are 
usually characterized by hypercellularity 
of the bone marrow due to proliferation 
in one or more of the myeloid lineages. 
Often, the proliferation is effective in 
some lineages, with increased numbers 
of circulating cells that may be morpho¬ 
logically and/or functionally dysplastic. 
Simultaneously, one or more of the other 
lineages may exhibit ineffective prolifera¬ 
tion, so that cytopenia may be present as 
well. The blast percentage in the bone 
marrow and blood is always <20%. Al¬ 
though hepatosplenomegaly is common, 
the clinical and laboratory findings vary 
along a continuum between those usually 
associated with MDSs and those usually 
associated with MPNs. Cases of well-de¬ 
fined MPNs in which dysplasia and inef¬ 
fective haematopoiesis develop as part 
of the natural history of the disease or af¬ 

ter chemotherapy should not be placed 
in this category. Rarely, MPNs may pre¬ 
sent as accelerated phase in which the 
chronic phase was not recognized, and 
may have findings that suggest they 
belong to the MDS/MPN group. In such 
cases, if clinical and laboratory studies 
fail to reveal the nature of the underlying 
process, the designation ‘MDS/MPN un- 
classifiable' may be appropriate. Cases 
with BCR-ABL1] with rearrangement of 
PDGFRA, PDGFRB, or FGFR1-, or with 
PCM1-JAK2 should not be categorized 
as MDS/MPNs. Mutations in non-kinase 
genes, including in epigenetic regulators 
such as TET2 ar\6 ASXL1, are very com¬ 
mon in MDS/MPNs; they can be used to 
establish clonaiity, but are neither dia¬ 
gnostic nor specific for this disease sub¬ 
set {1795,2779), 

Rationale for diagnosis and classification 
of myelodysplastic/myeloproliferative 
neoplasms 
A diagnosis of chronic myelomono- 
cytic leukaemia (CMML) requires both 
the presence of persistent periph¬ 
eral blood monocytosis (monocyte 
count >1 X 10®/L) and monocytes ac¬ 
counting for > 10% of white blood cells 
on the differential count. As a result of the 
discovery of molecular and clinical differ¬ 
ences between the so-called proliferative 
type (white blood cell count > 13 x 10®/L) 
and the dysplastic type (white blood cell 
count <13x10®/L) {620,3349,3827), 
these cases have been separated into 
two subtypes, myelodysplastic and mye¬ 
loproliferative, in this classification up¬ 
date, Cases of CMML with eosinophilia 
associated with PDGFRB rearrangement 
are excluded, but rare cases of CMML 
with eosinophilia that do not exhibit such 
rearrangement are included in this cat¬ 
egory, The category ‘CMML-0’ has also 
been added, for cases with low periph¬ 
eral blood and bone marrow blast cell 
counts {2978,3587,3805). 
In juvenile myelomonocytic leukaemia, 
nearly 80% of cases demonstrate mutu¬ 
ally exclusive mutations of PTPN11, NRAS 
or KRAS, or NF1 {2382,3796,3906), all 
of which encode components of RAS- 
dependent pathways; approximately 
30-40% of cases of CMML and atypi¬ 
cal chronic myeloid leukaemia, BCR- 
ASL/-negative, exhibit NRAS mutations 
{3053,4152,4329). Given the lack of any 
specific genetic abnormality to suggest 
that these entities should be relocated to 

another myeloid subgroup, they remain in 
this mixed category, which acknowledg¬ 
es the overlap that may occur between 
MDS and MPN. 
In the original version of the 4th edi¬ 
tion of the WHO classification, refrac¬ 
tory anaemia with ring sideroblasts as¬ 
sociated with marked thrombocytosis 
was proposed as a provisional entity to 
encompass cases with the clinical and 
morphological features of MDS with ring 
sideroblasts but also with thrombocytosis 
associated with abnormal megakaryo¬ 
cytes similar to those observed in BCR- 
ASLI-negative MPNs. More recently, 
and in particular after the discovery of a 
strong association with SF3B1 and con¬ 
current JAK2\l<oM^, MPL, or CAL/? mu¬ 
tations, MDS/MPN with ring sideroblasts 
and thrombocytosis, the new term for 
the former refractory anaemia with ring 
sideroblasts associated with marked 
thrombocytosis category, has become 
a distinct, well-characterized MDS/MPN 
overlap entity {2460,2461,3102). 
The classification of myeloid neoplasms 
that carry an isolated isochromosome 
of 17q and that have <20% blasts in the 
peripheral blood and bone marrow has 
proven difficult {1913), Some authors 
suggest that this cytogenetic defect de¬ 
fines a unique disorder characterized 
by mixed MDS and MPN features asso¬ 
ciated with prominent pseudo-Pelger- 
Huet anomaly of the neutrophils, a low 
bone marrow blast count, and a rapidly 
progressive clinical course. A proportion 
of cases are reported to have prominent 
monocytosis that meets the criteria for 
CMML, but in some, the peripheral blood 
monocyte count does not reach the 
threshold for that diagnosis {1220,2594). 
For cases that do not fulfil the criteria 
for CMML or another well-defined mye¬ 
loid neoplasm category, designation as 
MDS/MPN, unclassifiable, with isolated 
isochromosome 17q abnormality is most 
appropriate {1912). 

Myelodysplastic syndromes 
These neoplasms are characterized by 
the simultaneous proliferation and apop¬ 
tosis of haematopoietic cells that result 
in a normocellular or hypercellular bone 
marrow and peripheral blood cytopenia, 
MDSs are among the most diagnostically 
challenging of the myeloid neoplasms, 
both in terms of their distinction from the 
numerous other (often non-neoplastic) 
causes of cytopenia and in terms of the 
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Table 1.01 Diagnostic approach to myeloid neoplasms in which erythroid precursors constitute >50% of the nucleated bone marrow (BM) cells 

Percentage of BM cells 

that are erythroid 
precursors 

Percentage of BM 

(or PB) cells 

that are myeloblasts 

Prior 

therapy 

Defining 
WHO genetic 

abnormality 

present 

Meets criteria 
for AML with myelo¬ 

dysplasia-related 

changes 

4th Edition diagnosis 

(2008) 

Revised 4th edition 

diagnosis (2017) 

> 50% n/a yes n/a n/a Therapy-related 

myeloid neoplasm 

Therapy-related 

myeloid neoplasm 

> 50% > 20% no yes n/a AML with recurrent 

genetic abnormality 

AML with recurrent genetic 

abnormality 

> 50% > 20% no no yes AML with myelodysplasia- 

related changes 

AML with myelodysplasia- 

related changes 

> 50% > 20% no no no AML, NOS; 

acute erythroid leukaemia 

(erythroid/myeloid subtype) 

AML, NOS 

(a non-erythroid subtype) 

> 50% < 20%, but 

> 20% of 

non-erythroid cells 

no no^ n/a AML, NOS; 

acute erythroid leukaemia 

(erythroid/myeloid subtype) 

MDS*’ 

> 50% < 20%, and 

< 20% of 

non-erythroid cells 

no no^ n/a MDS^ MDS*’ 

> 80% immature erythroid 

precursors with 

> 30% proerythroblasts 

< 20% no no^ n/a AML, NOS; 

acute erythroid leukaemia 

(pure erythroid subtype) 

AML, NOS; 

pure erythroid leukaemia 

AML, acute myeloid leukaemia; BM, bone marrow; MDS, myelodysplastic syndrome; n/a, not applicable; NOS, not otherwise specified; PB, peripheral blood. 

^ Cases of AML with t(8;21)(q22;q22.1) resulting in the RUNX1-RUNX1T1 fusion protein, AML with inv(16)(p13.1q22) ort(16;16)(p13.1;q22) resulting in the CBFB-MYH11 

fusion protein, or acute promyelocytic leukaemia with the PML-RARA fusion protein may rarely occur in this setting with <20% blasts, and those diagnoses take 

precedence over the diagnosis of either AML, NOS or MDS. 

^ Classify according to the myeloblast percentage of all BM cells and PB leukocytes, along with other MDS criteria. 

proper classification to guide the clini¬ 

cal approach. The general features of 

MDS, as well as specific guidelines for 

their diagnosis and classification, are 

outlined in Chapter 6, Myelodysplastic 
syndromes: Overview {p. 98). 
In this revised WHO classification, new 

terminology has been introduced. In the 

original 4th edition, MDS disease names 

included references to cytopenia or spe¬ 

cific types of cytopenia (e.g. refractory 

anaemia). Although cytopenia is a sine 

qua non of any MDS diagnosis, the WHO 

classification relies mainly on the degree 

of dysplasia and blast percentages for 

MDS classification; specific cytopenias 

have only a minor impact on classifica¬ 

tion. Moreover, the lineage(s) manifesting 

significant morphological dysplasia often 

do not correlate with the specific cytope¬ 

nias seen in individual MDS cases. For 

these reasons, the updated MDS names 

do not refer to cytopenia. Ail diagnostic 

entity names start with 'myelodysplastic 

syndrome’, with further qualifiers speci¬ 

fied; single lineage versus multilineage 

dysplasia, ring sideroblasts, excess 

blasts, or the defining del(5q) cytogenet¬ 

ic abnormality. No new disease entities 

have been introduced, but the diagnostic 

criteria for some entities have been re¬ 

fined, as detailed in Table 6.01 (p. 101) in 

the Myelodysplastic syndromes chapter 

and in the sections on each MDS entity. 

MDS cases with multilineage dysplasia, 

ring sideroblasts, and no excess of blasts 

or isolated del(5q) cytogenetic abnormal¬ 

ity are now categorized as a subgroup of 

MDS with ring sideroblasts rather than 

being grouped with MDS with multiline¬ 

age dysplasia lacking ring sideroblasts 

as in the original 4th edition. MDS in chil¬ 

dren has features that differ from those of 

most MDS in adults, and the provisional 

entity refractory cytopenia of childhood 

remains in this updated classification. 

Although this entity is still provisional, its 

morphological features and distinction 

from severe aplastic anaemia are now 

better defined. An important change in 

this revision that affects MDS diagnosis 

is in the diagnostic criteria for myeloid 

neoplasms in which >50% of the bone 

marrow cells are erythroid precursors. In 

the original 4th edition WHO classifica¬ 

tion, erythroid/myeloid-type acute eryth¬ 

roid leukaemia (erythroleukaemia) was 

diagnosed if blasts accounted for >20% 

of the non-erythroid cells in the bone 

marrow; if blasts accounted for <20% 

of the non-erythroid cells, the case was 

considered to be MDS and subclassified 

on the basis of the blast count among all 

nucleated bone marrow cells. Due to the 

apparent close biological relationship of 

erythroleukaemia to MDS and the poor 

reproducibility and potential lability of 

non-erythroid blast counts, and in an at¬ 

tempt to achieve consistency in express¬ 

ing blast percentages across all myeloid 

neoplasms, non-erythroid blast counting 

has been eliminated from the diagnostic 

criteria for all myeloid neoplasms. -For 

all cases (even those with >50% bone 

marrow erythroid cells), the bone mar- 
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row blast percentage is now expressed 

as a percentage of all nucleated marrow 

cells. This will result in most cases that 

previously would have been classified 

as erythroleukaemia (i.e. those in which 

blasts constitute <20% of all nucleated 

marrow cells) now being classified as 

MDS with excess blasts, rather than as 

a subtype of AML. The diagnostic ap¬ 

proach to dealing with myeloid prolifera¬ 

tions with increased numbers of erythroid 

cells is summarized in Table 1.01. 

The prognostic relevance of many so¬ 

matic mutations in MDS has led to the in¬ 

creasing use of genomic profiling in this 

clinical context; the optimal integration of 

mutational information into existing MDS 

risk-stratification schemes and its impact 

on clinical management are evolving is¬ 

sues. Specifically, mutations in SF3B1 
are now considered in the diagnosis of 

MDS with ring sideroblasts. 

The revised classification of MDS is 

shown in the WHO classification table at 

the beginning of this volume (p. 10); the 

rationale for the changes is provided in 

the sections on each MDS entity. 

Acute myeloid leukaemia 
AML results from the clonal expansion 

of myeloid blasts in the peripheral blood, 

bone marrow, or other tissue. It is a heter¬ 

ogeneous disease clinically, morphologi¬ 

cally, and genetically and can involve a 

single or all myeloid lineages. Worldwide, 

the annual incidence is approximately 

2.5-3 cases per 100 000 population 

per year, and is reportedly highest in 

Australia, western Europe, and the USA. 

The median patient age at diagnosis is 

65 years, and there is a slight male pre¬ 

dominance in most countries. In children 

aged <15 years, AML constitutes 15- 

20% of all cases of acute leukaemia, with 

peak incidence in the first 3-4 years of 

life {960,4409}. 

The requisite blast percentage for a dia¬ 

gnosis of AML is >20% myeloblasts, 

monoblasts/promonocytes, and/or mega- 

karyoblasts in the peripheral blood or 

bone marrow. The diagnosis of mye¬ 

loid sarcoma is synonymous with AML 

regardless of the number of blasts in the 

peripheral blood or bone marrow. If there 

is a prior history of MPN or MDS/MPN, 

myeloid sarcoma is evidence of acute 

transformation (blast phase). A dia¬ 

gnosis of AML can also be made when 

the blast percentage in the peripheral 

blood and/or bone marrow is <20% if 

there is an associated t(8;21)(q22;q22.1), 

inv(16)(p13.1q22), or t(16;16)(p13.1;q22) 

chromosomal abnormality or PML-RARA 
fusion. Although the line between AML 

and MDS when other recurrent cytoge¬ 

netic abnormalities are present is in¬ 

creasingly blurred, such cases continue 

to be classified on the basis of peripheral 

blood and bone marrow blast cell counts. 

The revised classification also continues 

to place a high proportion of cases into 

the AML, NOS category, for which the 

prognosis is variable. This is particularly 

true in paediatric AML {3503}, but studies 

seeking additional prognostic markers in 

all age groups are probably warranted. 

Although the diagnosis of AML accord¬ 

ing to the above guidelines is operation¬ 

ally useful by indicating an underlying de¬ 

fect in myeloid maturation, the diagnosis 

does not necessarily confer a mandate to 

treat the patient for AML; clinical factors, 

including the pace of progression of the 

disease, must always be taken into con¬ 

sideration when choosing therapy. 

Rationale for the diagnosis and 
classification of acute myeloid leukaemia 
The 3rd edition of the WHO classification 

ushered in the era of formal incorporation 

of genetic abnormalities in the diagnos¬ 

tic algorithms for AML. The abnormali¬ 

ties included were mainly chromosomal 

translocations involving transcription fac¬ 

tors and associated with characteristic 

clinical, morphological, and immunophe- 

notypic features that defined a clinico- 

pathological and genetic entity. As our 

knowledge about leukaemogenesis has 

increased, so has the acceptance that 

the genetic abnormalities leading to leu¬ 

kaemia are not only heterogeneous, but 

also complex; multiple aberrations often 

contribute in a multistep process to initi¬ 

ate the complete leukaemia phenotype. 

Experimental evidence suggests that in 

cases with rearrangements or mutations 

in genes (e.g. RUNX1, CBFB, and RARA) 
that encode transcription factors impli¬ 

cated in myeloid differentiation, an ad¬ 

ditional genetic abnormality is necessary 

to promote proliferation or survival of the 

neoplastic clone {1984}. Often, this addi¬ 

tional abnormality is a mutation of a gene 

(e.g. FLT3 or KIT) that encodes proteins 

that activate signal transduction path¬ 

ways to promote proliferation/survival. 

A similar multistep process is also evi¬ 

dent in AML that evolves from MDS or 

that has myelodysplasia-related features. 

often characterized by loss of genetic 

material and haploinsufficiency of genes. 

Within the past few years, novel genetic 

mutations have also been identified in 

essentially all types of AML {545,2774}, 

and our approach to and understanding 

of gene mutations in AML has evolved 

(see Table 1.02, p.26). Some of the mu¬ 

tations, such as those of CEBPA and per¬ 

haps NPM1, involve transcription factors; 

others, including those of FLT3, NRAS, 
and KRAS, affect signal transduction. An 

emerging class of mutations in epigenetic 

regulators, including TET2, iDFH, IDFi2, 
ASXL1, DNMT3A, and cohesin complex 

family members, are seen in nearly half 

of all AML cases. These discoveries 

have improved our understanding of the 

pathogenesis of AML and suggest that 

many cases are driven by mutations in 

>3 distinct biological pathways, which 

act in concert to induce progression from 

normal haematopoietic stem/progeni¬ 

tor cells to clonal, preleukaemic stem/ 

progenitor cells, to overtly transformed 

leukaemic cells. Not only have these 

mutations informed our understanding 

of leukaemogenesis in cytogenetically 

normal AML, they have also proved to be 

powerful prognostic factors {2774}. Ge¬ 

netic abnormalities in AML elucidate the 

pathogenesis of the neoplasm, provide 

the most reliable prognostic information, 

and will likely lead to the development 

of more-successful targeted therapies. 

Therefore, the use of genomic profiling 

is a critical aspect of the evaluation and 

risk stratification of AML in the clinical 

context. 

One of the challenges in this revision 

and in the original 4th edition has been 

how to incorporate important and/or re¬ 

cently acquired genetic information into 

a classification scheme for AML and yet 

adhere to the WHO principle of defining 

homogeneous, biologically relevant enti¬ 

ties based not only on genetic studies or 

their prognostic value, but also on clini¬ 

cal, morphological, and/or immunophe- 

notypic studies. This was particularly 

problematic with the most frequent and 

prognostically important mutations in 

cytogenetically normal AML: mutations in 

FLT3, NPM1, RUNX1 and CEBPA. Cases 

with these mutations have few or variably 

consistent morphological, immunophe- 

notypic, and clinical features reported to 

date, and the mutations are not mutually 

exclusive. For the most part, the frame¬ 

work established in the 3rd edition and 
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Table 1.02 Functional complementation groups of genetic alterations in acute myeloid leukaemia 

Period Before 2008 2008-2012 From 2013 

Analysis Cytogenetic and molecular 

genetic analysis 

Next-generation sequencing 

approaches 

The Cancer Genome Atlas (TCGA) project {545} 

Class 1 - Transcription factor fusions 

e.g. t(8;21), inv(16), and t(15;17) 

Class 1 

Class 1 

Activated signalling 

e.g. FLT3, KIT, and RAS mutations 

Class 2 - Nucleophosmin 1 

NPM1 mutations 

Activated signalling 

e.g. FLT3, KIT, RAS mutations 
Class 3 - Tumour suppressor genes 

e.g. TP53 and PFIF6 mutations 

Class 4 - DNA methylation-related genes 

Class II 

DNA hydroxymethylation e.g, TET2, IDFI1, and IDFI2 

DNA methyltransferases e.g. DNMT3A 

Functional 

groups 

Transcription and differentiation 

e.g.t(8;21), inv(16), t(15;17), 

CEBPA and RUNX1 mutations 

Class 5 - Activated signalling genes 

e.g. FLT3, KIT, RAS mutations 

Class 6 - Chromatin-modifying genes 

e.g. ASXL1 and EZH2 mutations, KMT2A fusions, KMT2A-P1D 

Class II 

Transcription and differentiation 

e.g,t(8;21), inv(16),t(15;17), 

and CEBPA mutations Epigenetic modifiers 

(so-called 'Class III') 

Class 7 - Myeloid transcription factor genes 

e.g. CEBPA, RUNX1 mutations 

Class 8 - Cohesin complex genes 

e.g. TET2, DNMT3A, and ASXL1 e.g. STAG2, RAD21, SMC1, SMC2 mutations 

mutations 

Class 9 - Spliceosome-complex genes 

e.g. SRSF2, U2AF1, ZRSR2 mutations 

used in the 4th edition proved flexible 

enough to incorporate the new entities 

proposed by members of the WHO and 

clinical advisory committees. The origi¬ 

nal entities described in the subgroup 

‘acute myeloid leukaemia with recurrent 

genetic abnormalities’ remain (with only 

minor modifications), and two provisional 

entities have been added, A new provi¬ 

sional category, AML with BCR-ABL1, 
has been added to recognize these rare 

de novo cases {2082,2801,3740}, which 

may benefit from tyrosine kinase inhibi¬ 

tor therapy and must be distinguished 

from blast transformation of chronic my¬ 

eloid leukaemia. AMLs with mutated 

NPM1 and CEBPA are now full entities, 

but a biallelic mutation is required for the 

revised category now known as AML 

with biallelic mutation of CEBPA. Addi¬ 

tionally, multilineage dysplasia alone no 

longer supersedes a diagnosis of AML 

with mutated NPM1 or AML with bial¬ 

lelic mutation of CEBPA, because recent 

studies have shown no difference in de 

novo cases with and without this find¬ 

ing (211,975,1145). Lastly, the provisional 

category of AML with mutated RUNX1 
has been added for de novo cases with 

this mutation that are not associated with 

MDS-related cytogenetic abnormalities. 

This provisional category appears to rep¬ 

resent a biologically distinct form of AML 

{1274,2627,3576,3897}. AML with mu¬ 

tated FLT3 is not included as a separate 

entity, because FLT3 mutation occurs 

across multiple AML subtypes; however, 

the significance of this mutation should 

not be underestimated, and it should be 

tested for in essentially all cases, includ¬ 

ing those with NPM1 or CEBPA mutation 

or other recurrent genetic abnormali¬ 

ties. Broader gene panels are becom¬ 

ing increasingly available and are prob¬ 

ably indicated in most, if not all, types 

of AML. Modifications have been made 

to the AML with myelodysplasia-related 

changes subgroup. Cases should still be 

assigned to this category if they evolve 

from previously documented MDS, have 

specific myelodysplasia-related cytoge¬ 

netic abnormalities, or exhibit morpho¬ 

logical multilineage dysplasia. However, 

these features do not supersede therapy- 

related disease or the defined cytoge¬ 

netic categories of AML, As mentioned 

above, de novo cases with NPM1 or bi¬ 

allelic CEBPA mutation with no MDS-re¬ 

lated cytogenetic abnormalities, but with 

multilineage dysplasia, are now classi¬ 

fied as either AML with mutated NPM1 
or AML with biallelic mutation of CEBPA. 
The cytogenetic abnormalities that de¬ 

fine MDS-associated disease have also 

been modified; del(9q), which does not 

appear to have prognostic significance 

in the setting of NPM1 or biallelic CEBPA 
mutation, has been removed from the list 

{1511,3562}, as has monosomy 5; del(5q) 

and unbalanced translocation involving 

5q remain {1559,4209}. 
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Therapy-related myeloid neoplasms 

(i.e. therapy-related AML, MDS, and 

MDS/MPN) remain in the revised classi¬ 

fication as a distinct subgroup. Most pa¬ 

tients who develop therapy-related neo¬ 

plasms have received therapy with both 

alkylating agents and topoisomerase II 

inhibitors, so division according to type of 

therapy remains impractical. It has been 

argued that >90% of cases of therapy- 

related AML have cytogenetic abnor¬ 

malities similar to those seen in AML with 

recurrent genetic abnormalities or AML 

with myelodysplasia-related changes, 

and could be assigned to those catego¬ 

ries. However, in most reported series, 

therapy-related myeloid neoplasms - 

except therapy-related AML with inv(16) 

(p13.1q22), t(16;16)(p13.1;q22), or PML- 
RARA - have a significantly worse 

clinical outcome than do their de novo 

counterparts with the same genetic ab¬ 

normalities {94,392,3435,3699,3709}, 

suggesting some biological differences 

between the two groups. The study of 

therapy-related neoplasms may provide 

valuable insight into the pathogenesis of 

de novo disease by providing clues as to 

why certain patients develop leukaemia 

whereas most patients treated with the 

same therapies do not. Therefore, cases 

of therapy-related neoplasms should al¬ 

ways be designated as such, and any 

specific genetic abnormality should also 

be listed as part of the diagnosis; for ex¬ 

ample, therapy-related AML with t(9;11) 

(p21.3iq23.3). 

The category ‘acute myeloid leukaemia, 

NOS’ encompasses the cases that do 

not fulfil the specific criteria for any of the 

other entities. This group currently ac¬ 

counts for 25-30% of all AML cases. If 

cases of AML with mutated NPM1 or bial- 

lelic mutation of CEBPA are removed from 

this group as is advocated in this revised 

classification, the subtypes of AML, NOS, 

no longer have prognostic significance 

{4233}. The number of cases that fall into 

the AML, NOS, category will continue 

to diminish as more genetic subgroups 

are identified. As mentioned above, the 

category 'acute erythroid leukaemia (ery- 

throid/myeloid)’ has been removed from 

the classification, and most of these cas¬ 

es are now classified as MDS. 

Myeloid sarcoma, an extramedullary tu¬ 

mour mass consisting of myeloid blasts, 

is included in the classification as a dis¬ 

tinct pathological entity. However, when 

myeloid sarcoma occurs de novo, the 

diagnosis is equivalent to a diagnosis 

of AML, and further evaluation (includ¬ 

ing genetic analysis) is necessary to 

determine the appropriate classification 

of the leukaemia {3177}. When the peri¬ 

pheral blood and/or bone marrow are 

concurrently involved by AML, these 

specimens can be used for analysis and 

further classification. However, when the 

myeloid sarcoma precedes evidence of 

peripheral blood or bone marrow involve¬ 

ment, the immunophenotype should be 

ascertained by flow cytometry and/or 

immunohistochemistry, and the geno¬ 

type determined by cytogenetic analy¬ 

sis or (in the absence of fresh tissue) by 

FISH or molecular analysis for recurrent 

genetic abnormalities. Myeloid sarcoma 

may also be the initial indication of re¬ 

lapse in a patient previously diagnosed 

with AML, or may indicate disease pro¬ 

gression to AML or to the blast phase in 

patients with a prior diagnosis of MDS, 

MDS/MPN, or MPN. 

As in the original 4th edition, the unique 

features of myeloid proliferations associ¬ 

ated with Down syndrome are addressed 

in a separate category, which encom¬ 

passes transient abnormal myelopoiesis 

associated with Down syndrome and 

myeloid leukaemia associated with Down 

syndrome. 

A section on myeloid neoplasms with 

germline predisposition {1390,4301} 

has been added to the classification 

to address cases of AML, MDS, and 

MDS/MPN that have germline genetic 

abnormalities. The recognition of such 

cases should lead to screening of fam¬ 

ily members, which may enable earlier 

disease detection in affected individuals. 
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CHAPTER 2 

Myeloproliferative neoplasms 

Chronic myeloid leukaemia, BCR-ABLI-posWwe 

Chronic neutrophilic leukaemia 

Polycythaemia vera 

Primary myelofibrosis 

Essential thrombocythaemia 

Chronic eosinophilic leukaemia, NOS 

Myeloproliferative neoplasm, unclassifiable 



Chronic myeloid leukaemia, 
BCR-ABL1-pos\t\\/e 

Vardiman J.W. 

Melo J.V. 

Baccarani M. 

Radich J.R 

Kvasnicka H.M, 

Definition 
Chronic myeloid leukaemia (CML), BCR- 
ABL1-pos\tNe, is a myeloproliferative 

neoplasm (MPN) in which granulocytes 

are the major proliferative component. It 

arises in a haematopoietic stem cell and 

is characterized by the chromosomal 

translocation t(9;22)(q34.1;q11.2), which 

results in the formation of the Philadel¬ 

phia (Ph) chromosome, containing the 

BCR-ABL1 fusion gene {282,2620,2905, 

3433), In CML, BCR-ABL1 is found in all 

myeloid lineages and in some lymphoid 

and endothelial cells (1210,1496). The 

natural history of untreated CML is dipha¬ 

sic or triphasic: an initial Indolent chronic 

phase (CP) is followed by an accelerated 

phase (AP), a blast phase (BP), or both. 

The diagnosis requires detection of the Ph 

chromosome and/or BCR-ABL1 in the ap¬ 

propriate clinical and laboratory settings. 

ICD-0 code 9875/3 

Synonyms 
Chronic myelogenous leukaemia, BCR- 
A6L?-positive; chronic granulocytic leu¬ 

kaemia, SC/T-ASL/-positive (9863/3); 

chronic myelogenous leukaemia, Phila¬ 

delphia chromosome-positive (Ph-i-); 

chronic myelogenous leukaemia, t(9;22) 

(q34;q11)i chronic granulocytic leukae¬ 

mia, Philadelphia chromosome-positive 

(Ph-f); chronic granulocytic leukaemia, 

t(9;22)(q34;q11); chronic granulocytic 

leukaemia, BCRIABL1: chronic myeloid 

leukaemia (9863/3) 

Epidemiology 
Worldwide, CML has an annual incidence 

of 1-2 cases per 100 000 population, 

with a slight male predominance. The 

annual incidence increases with age, 

from <0.1 cases per 100 000 children to 

>2,5 cases per 100 000 elderly individu¬ 

als (1662,1749). Significant ethnic or geo¬ 

graphical variations in incidence have 

not been reported, but an earlier patient 

age at onset has been reported in areas 

where socioeconomic status is lower 

(2626). Due to the success of tyrosine 

kinase inhibitor (TKI) therapy in reducing 

mortality rates (down to only 2-3% per 

year), the prevalence of CML is expected 

to increase considerably (1725). 

Etiology 
The predisposing factors for CML are 

largely unknown. Acute radiation expo¬ 

sure has been implicated, largely due to 

the reported increased incidence of CML 

among atomic bomb survivors (387,815). 

Unlike other MPNs, there is slight, it any, 

inherited predisposition (2209,3306). 

Localization 
In CP, the leukaemia cells are minimally 

invasive and mostly confined to the 

blood, bone marrow, spleen, and liver, 

in BP, the blasts can infiltrate any extra¬ 

medullary site, with a predilection for 

spleen, liver, lymph nodes, skin, and soft 

tissue (822,1810,2776). 

Clinical features 
Most patients with CML are diagnosed in 

CP, which usually has an insidious onset. 

Nearly 50% of newly diagnosed cases 

are asymptomatic and discovered when 

a white blood cell (WBC) count per¬ 

formed as part of a routine medical ex¬ 

amination is found to be abnormal (822, 

1809). Common findings at presentation 

include fatigue, malaise, weight loss, 

night sweats, and anaemia, and about 

50% of patients have palpable spleno¬ 

megaly (822,1662,1809,3534). Atypical 

presentations include marked thrombo¬ 

cytosis without leukocytosis that mim¬ 

ics essential thrombocythaemia or other 

types of MPN (512,618,3732). About 

5% of cases are diagnosed in AP or BP 

without a recognized CP (1662,3534). 

Without effective therapy, most cases of 

CML progress from CP to BP (directly or 

via AP) within 3-5 years after diagnosis 

(822,1602). These transformed stages 

are characterized clinically by declin¬ 

ing performance status, constitutional 

signs such as fever and weight loss, 

and symptoms related to severe anae¬ 

mia, thrombocytopenia, increased WBC 

count, splenic enlargement, and in BP, 

a dismal outcome (1601,1809). With tar¬ 

geted TKI therapy and careful disease 

monitoring, the incidence of AP and BP 

has decreased, and the 10-year overall 

survival rate tor CML is 80-90% (207, 

573,1602,1904). 

Fig. 2.01 Splenomegaly in chronic myeloid leukaemia, BCR-ABL1-posHne. A The gross appearance of the spleen is solid and uniformly deep red, although areas of infarction 

may appear as lighter-coloured regions. B The red pulp distribution of the infiltrate usually compresses and obliterates the white pulp. C The leukaemic cells are present in the 

splenic cords and sinuses. In this case the cells are shifted towards immature forms; care must be taken to assess the maturity of the cells in splenectomy specimen, because 

enlarging spleens, particularly in the face of TKI therapy, may be associated with disease progression. 

30 Myeloproliferative neoplasms 



Microscopy 
Chronic phase 
In CP, the peripheral blood shows leu¬ 

kocytosis (12-1000 X 10®/L, median: 

~80 X 10®/L) due to neutrophils in vari¬ 

ous stages of maturation, with peaks in 

the proportions of myelooytes and seg¬ 

mented neutrophils {1662,3534,3753); 

children often have higher WBC counts 

than adults (median: ~250 x 10®/L) 

(1374,26 65,3 8 36), Significant granulo¬ 

cytic dysplasia is absent. Blasts typically 

account for <2% of the WBCs. Absolute 

basophilia and eosinophilia are com¬ 

mon (1662,3753). Absolute monocytosis 

may be present, but the proportion of 

monocytes is usually <3% (339), except 

in rare cases with the p190 BCR-ABL1 

isoform, which often mimic chronic mye- 

lomonocytic leukaemia (2623). Plate¬ 

let counts are normal or increased to 

>1000 X 10®/L; marked thrombocytope¬ 

nia is uncommon in CP (1662). 

Most cases of CML can be diagnosed 

on the basis of peripheral blood findings 

combined with detection of the Ph chro¬ 

mosome and/or BCR-ABL1 by cytoge¬ 

netic and molecular genetic techniques. 

However, bone marrow aspiration is es¬ 

sential to ensure sufficient material for 

a complete karyotype and for morpho¬ 

logical evaluation to confirm the phase 

of disease. Bone marrow biopsy is not 

required to diagnose CML in most cases, 

but should be done if the findings in the 

peripheral blood are atypical or if a cel¬ 

lular aspirate cannot be obtained (1662, 

2911). 

In CP, bone marrow specimens are hyper- 

cellular, with marked granulocytic prolif¬ 

eration and a maturation pattern similar 

to that in the blood, including expansion 

at the myelocyte stage (822), There is 

no significant dysplasia. Blasts usually 

account for <5% of the marrow cells; 

>10% suggests advanced disease (817). 

The proportion of erythroid precursors is 

usually significantly decreased. Mega¬ 

karyocytes may be normal or slightly 

decreased in number, but 40-50% of 

cases exhibit moderate to marked mega- 

karyocytic proliferation (495,3976,3982). 

In CP, the megakaryocytes are smaller 

than normal and have hyposegmented 

nuclei; they are referred to as ‘dwarf 

megakaryocytes, but are not true micro¬ 

megakaryocytes such as those seen in 

myelodysplastic syndromes (853,3982). 

Eosinophils and basophils are usually 

increased in number, and pseudo-Gau- 

Fig.2.02 Chronic myeloid leukaemia (CML), 6CR-46L1-positive (chronic phase). A Peripheral blood smear 

showing leukocytosis and neutrophilic cells at various stages of maturation; basophilia is prominent; no dysplasia is 

present. B Bone marrow biopsy showing marked hypercellularity due to granulocytic proliferation. C The megakar¬ 

yocytes in CML are characteristically smaller than normal megakaryocytes. D Bone marrow aspirate smear shows 

expansion and maturation of the neutrophil lineage, increased basophils and a small ‘dwarf megakaryocyte, which is 

smaller than a normal megakaryocyte but larger than the micromegakaryocytes seen in myelodysplastic syndromes, 

although micromegakaryocytes are sometimes seen in CML in the accelerated or myeloid blast phase. 

Fig.2.03 Chronic myeloid leukaemia (CML), 6CR-4SL1-positive (chronic phase). A There may be morphological 

variability in the initial bone marrow biopsy specimens of patients with CML. In this case there is a prominent increase 

in the number of ‘dwarf megakaryocytes that are dispersed throughout the marrow. Such cases are sometimes re¬ 

ferred to as ‘megakaryocyte-rich’ CML. B Up to 30% of cases of CML may have reticulin fibrosis of variable degree 

at presentation. C Pseudo-Gaucher cells in CML. Pseudo-Gaucher cells are commonly observed in the marrow 

aspirates of patients with CML. D They may also be appreciated as foamy or striated cells in marrow biopsy sections. 

These histiocytes are secondary to increased cell turnover, are derived from the neoplastic clone and are easily 

distinguished from the 'dwarf megakaryocytes seen in the lower middle margin of the photograph. 

cher cells are common. These features 

are mirrored in marrow biopsy sections, 

in which a layer of immature granulo¬ 

cytes (5-10 cells in thickness) is common 

around the bone trabeculae, in contrast 

to the normal thickness of 2-3 cells (853). 
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Fig. 2.04 Chronic myeloid leukaemia, BCR-ABL1-pos\[\ve (accelerated phase). A Bone marrow biopsy specimen shows areas of cellular depletion and prominence of small 
megakaryocytes. The swirling appearance of the cells is caused by an increase in underlying reticulin fibres. B Basophils accounted for more than 20% of the WBCs in this case, 

with occasional blasts. C An increase in blasts is appreciated in the biopsy with CD34: an aspirate could not be obtained due to increased reticulin fibres. 

rv!H; 

Moderate to marked reticulin fibrosis, 

which correlates with increased numbers 

of megakaryocytes and may be associ¬ 

ated with an enlarged spleen, has been 

reported in 30-40% of biopsies at diag¬ 
nosis {490,495,1329,3982}. Although the 

presence of fibrosis at the time of diag¬ 

nosis was reported to be associated with 

a worse outcome in the pre-TKI era, it 

reportedly has no substantial impact on 

prognosis in patients treated with TKIs 

{926,1932}. 

Splenic enlargement in CP is due to in¬ 

filtration of the red pulp cords by mature 

and immature granulocytes. A similar 

infiltrate can be seen in hepatic sinuses 

and portal areas. 

Disease phases 
Disease progression: accelerated phase 
and blast phase 
Recognition of disease progression is 

important for treatment and prognostic 

purposes, but the clinical and morpho¬ 

logical boundaries between CP, AP, and 

BP are not always sharp, and the param¬ 

eters used to define them differ between 

investigators. These categories were of 

substantial prognostic importance in the 

pre-TKI era, when effective treatment 

without allogeneic transplant was not 

available, but the effectiveness of TKIs 

has further blurred the lines between 

these phases of CML. For example, 

some studies show that newly diagnosed 

patients who initially present in AP may 

have similar outcomes, when treated with 

TKIs, as those of patients with newly dia¬ 

gnosed CP {2939,3324}. In contrast, AP 

disease that develops during TKI therapy 

has a poor outcome. Furthermore, gene 

expression studies of CP, AP, and BP 

suggest that progression of CP to AP 

and/or BP is more consistent with a two- 

step process, with new gene expression 

profiles occurring early in AP (or late in 

CP), before the accumulation of blasts 

and other features often used to define 

AP {3277}. BP continues to have a very 

poor outcome, even with TKI therapy 

{1601}. Death occurs due to bleeding or 

infectious complications, as normal hae- 

matopoiesis is increasingly disrupted by 

the malignant cells. In BP, the increase 

in blasts not only indicates a loss of re¬ 

sponse to therapy, but also signifies that 

the disease has acquired characteristics 

of acute leukaemia. 

Accelerated phase 
In the original 4th edition of the classifi¬ 

cation, it was recommended that the 

diagnosis of AP be made if any of the 

following parameters were present: 

(1) a persistent or increasing high WBC 

count (>10 X 10®/L) and/or persistent or 

increasing splenomegaly, unresponsive 

to therapy; (2) persistent thrombocyto¬ 

sis (> 1000 X 10®/L), unresponsive to 

therapy; (3) persistent thrombocytopenia 

(<100 X 10®/L), unrelated to therapy; (4) 

evidence of clonal cytogenetic evolu¬ 

tion, defined by cells harbouring the Ph 

chromosome and additional cytogenetic 

changes; (5) >20% basophils in the pe¬ 

ripheral blood; and (6) 10-19% blasts in 

the peripheral blood and/or bone mar¬ 

row. In addition, large clusters or sheets 

of small, abnormal megakaryocytes as¬ 

sociated with marked reticulin or colla¬ 

gen fibrosis were considered to be pre¬ 

sumptive evidence of AP, particularly if 

accompanied by any of the haematologi- 

cal parameters listed above. Although 

other defining criteria for AP have been 

Fig. 2.05 Chronic myeloid leukaemia, BCR-ABU-posHne, myeloid blast phase. A Peripheral blood smear; most 

of the white blood cells are blasts. B and C Sheets of blasts in the bone marrow biopsy. D Myeloperoxidase (MPO) 
immunohistochemistry proving the myeloid origin of the blasts. 
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Table 2.01 Defining criteria for the accelerated phase (AP) of chronic myeloid leukaemia (CML) 

CML-AP is defined by the presence of > 1 of the following haematological/cytogenetic criteria or provisional 

criteria concerning response to tyrosine kinase inhibitor (TKI) therapy 

Haematological/cytogenetic criteria^ 

- Persistent or increasing high white blood cell count (> 10 x 10®/L), unresponsive to therapy 

- Persistent or increasing splenomegaly, unresponsive to therapy 

- Persistent thrombocytosis (>1000 x 10®/L), unresponsive to therapy 

- Persistent thrombocytopenia (< 100 x 10^/L), unrelated to therapy 

- > 20% basophils in the peripheral blood 

- 10-19% blasts in the peripheral blood and/or bone marrow'’’'^ 

- Additional clonal chromosomal abnormalities in Philadelphia (Ph) chromosome-positive (Ph+) cells at 

diagnosis, including so-called major route abnormalities (a second Ph chromosome, trisomy 8, 

isochromosome 17q, trisomy 19), complex karyotype, and abnormalities of 3q26.2 

- Any new clonal chromosomal abnormality in Ph+ cells that occurs during therapy 

Provisional response-to-TKI criteria 

- Haematological resistance (or failure to achieve a complete haematological response^) to the first TKI 

- Any haematological, cytogenetic, or molecular indications of resistance to two sequential TKIs 

- Occurrence of two or more mutations in the BCR-ABL1 fusion gene during TKI therapy 

® Large clusters or sheets of small, abnormal megakaryocytes associated with marked reticulin or collagen 

fibrosis in biopsy specimens may be considered presumptive evidence of AP, although these findings are 

usually associated with one or more of the criteria listed above. 

The finding of bona fide lymphoblasts in the peripheral blood or bone marrow (even if <10%) should prompt 

concern that lymphoblastic transformation may be imminent, and warrants further clinical and genetic 

investigation. 

>20% blasts in the peripheral blood or bone marrow, or an infiltrative proliferation of blasts in an 

extramedullary site, is diagnostic of the blast phase of CML. 

Complete haematological response is defined as white blood cell count <10 x 10®/L, platelet count 

<450 X 10®/L, no immature granulocytes in the differential, and spleen not palpable. 

suggested |817}, these clinical, haema¬ 

tological, morphological, and genetic 

parameters are evidence of disease pro¬ 

gression (Table 2.01), 

When defined as above, however, AP 

includes a very heterogeneous group of 

cases, so these parameters alone are in- 

suffioient for prognostic purposes. How¬ 

ever, their utility may be increased by the 

consideration of additional response- 

defined parameters {1535}. Response 

to therapy (e.g, TKIs or allogeneic trans¬ 

plant) is linked to the phase of disease. 

For example, the rare cases defined at 

diagnosis as AP solely on the basis of 

additional cytogenetic changes {1124} 

but who do not have an increase in 

blasts respond to therapy similar to pa¬ 

tients with CP disease, whereas patients 

with newly diagnosed AP disease with 

additional cytogenetic abnormalities and 

increased blasts do appreciably worse 

{3324}. Moreover, eases in clinical and 

morphological CP that develop resistant 

BCR-ABL1 mutations have gene expres¬ 

sion patterns similar to those seen in 

advanced disease {2605,3277}. There¬ 

fore, response-to-therapy parameters 

are now included as provisional erite- 

ria for AP, pending verification of their 

validity. According to these provisional 

criteria, CP cases can be considered to 

be functionally in AP (with poor rates of 

long-term, progression-free survival) if 

there is (1) haematological resistance to 

the first TKI, (2) any grade of resistance 

to two sequential TKIs, or (3) occurrence 

of two or more BCR-ABL1 mutations 

(Table 2.01). 

In AP, bone marrow specimens are often 

hypercellular, and dysplastic changes 

may be seen in any of the myeloid lin¬ 

eages {2776,4395}, Clusters of small 

megakaryocytes (including true micro¬ 

megakaryocytes similar to those seen 

in myelodysplastic syndromes) may be 

present and may be associated with sig¬ 

nificant reticulin and/or collagen fibrosis, 

which is best assessed in biopsy sec¬ 

tions. The increased proportion of blasts 

in AP (10-19%) may be highlighted with 

immunohistochemical staining for CD34 

{2989,3960}. In most cases, the blasts 

have a myeloid phenotype {1131}, 

Lymphoid blasts may be seen, but some 

data suggest that the finding of any bona 

fide lymphoblasts in the blood and/or 

bone marrow in CP or AP should raise 

concern that a lymphoblastic crisis may 

be imminent, because lymphoblastic BP 

is reported to sometimes have an abrupt 

onset, without a preceding AP {66,619, 

1087,1931}. 

Blast phase 
The criteria for BP include (1) >20% 

blasts in the blood or bone marrow or (2) 

the presence of an extramedullary prolif¬ 

eration of blasts. Some investigators and 

clinical trials have instead used a thresh¬ 

old of >30% blasts in the blood and/or 

bone marrow to define BP, but most pa¬ 

tients in BP have a very poor prognosis 

regardless of which cut-off point is used 

{817,1601}. 

In most BP cases, the blast lineage is 

myeloid, and may include neutrophilic, 

monocytic, megakaryocytic, basophilic, 

eosinophilic, or erythroid blasts, or any 

combination thereof {1131,1601,1997, 

2806}. In approximately 20-30% of BP 

Fig. 2.06 Chronic myeloid leukaemia, BCR-ABLf-positive (lymphoid blast phase). A Peripheral blood smear with numerous lymphoid-morphology blasts among leukaemic 

myelocytes, B Bone marrow biopsy of the same case. C Marrow aspirate smear. By flow cytometry, the blasts coexpressed CD19, CD10, CD22, terminal deoxynucleotidyl 

transferase (TdT), and CD13, but there was no expression of MPO. 
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Fig. 2.07 Chronic myeloid leukaemia (CML), BCR-ABL1-pos\ti\ie (myeloid blast phase), in an extramedullary site. 

A and B On lymph node biopsy obtained from a patient with a 3-year history of CML, the lymph node architecture is 

effaced by a proliferation of medium-sized to large cells. C Lysozyme immunohistochemistry confirms the myeloid 
lineage of the blasts. 

cases, the blasts are lymphoblasts (usu¬ 

ally of B-cell origin, although cases of 

T-lymphoblastio and NK-oell transfor¬ 

mation have been reported) |682,2015, 

4261}. Sequential lymphoblastic and 

myeloblastic crises have also been re¬ 

ported, In BP, the blast lineage may be 

morphologloally obvious, but the blasts 

are often primitive and/or heterogene¬ 

ous, and expression of antigens of more 
than one lineage is common (1997, 

3335}; therefore, cytochemical and im- 

munophenotypic analysis of the blasts is 

recommended. 

Extramedullary blast proliferations are 

most common in the skin, lymph nodes. 

bone, and CNS, but can occur anywhere; 

they may be of myeloid, lymphoid, or 

mixed-lineage phenotype (682,1810). In 

bone marrow biopsy specimens, sheets 

of blasts that occupy focal but substantial 

areas of the bone marrow (e.g. an entire 

intertrabecular space or more) can be 

considered presumptive evidence of BP 

even if the rest of the marrow shows CP 

Immunophenotype 
Immunophenotypic data on CML-CP 

suggest that the expression of CD7 on 

CD34-I- cells has adverse prognostic 

significance, whereas a normal CD34-I- 

stem-cell population, lacking expression 

of abnormal markers (e.g. CD7, CD56, 

or GDI 1b), predicts a better response to 

TKI therapy (2089.3393,4427}. However, 

the main role of immunophenotyping in 

CML is analysis of the blasts in BP. In 

myeloid BP, the blasts have strong, weak, 

or no MPO activity but express one or 

more antigens associated with granu¬ 

locytic, monocytic, megakaryocytic, 

and/or erythroid differentiation, such as 

CD33, CD13, CD14, CDIIb, CDIIc, KIT 

(CD117), CD15, CD41, CD61, and glyco- 

phorin A and C. However, in many my¬ 

eloid BP cases, the blasts also express 

one or more lymphoid-related antigens 

(1997,3335,3480), Most lymphoblastic 

BP blasts are of precursor-B-cell origin 

and express terminal deoxynucleotidyl 

transferase (TdT) in addition to B-cell-re- 

lated antigens (e.g. CD19, CD10, CD79a, 

PAX5, and CD20), but a minority of 

lymphoblastic BP blasts are of T-cell ori¬ 

gin and express T-cell-related antigens 

(e.g, CD3, CD2, CD5, CD4, CD8, and 

CD7). Expression of one or more myeloid- 

related antigens by the blasts is common 

in both B- and T-cell-derived blast trans¬ 

formations (2015,4261). Bilineage cases 

(i.e. with distinct populations of myeloid 

and lymphoid blasts) also occur (682, 

3480), and sequential lymphoblastic BP 

and myeloblastic BP have been reported 

(525). A recent study showed a higher 

frequency of unusual blast types and im- 

munophenotypes (e.g. basophil blasts or 

megakaryoblasts) after the introduction 

of TKI therapy (3647), Flow cytometry Is 

the preferred technique for phenotypic 

analysis in order to detect mixed pheno¬ 

types, but immunohistochemical stains 

can also be applied if a marrow aspirate 

cannot be obtained and there are insuf¬ 

ficient numbers of blasts in the blood. 

Cell of origin 
CML originates from an abnormal plurl- 

potent bone marrow stem cell, However, 

disease progression may originate in 

more committed precursors than previ¬ 

ously supposed, given that myeloid BP 

has been reported to involve the granulo¬ 

cyte-macrophage progenitor pool rather 

than the haematopoietic stem cell pool 

(2655). It Is unknown whether this is also 

the case with lymphoid BP. Recent data 

have shown that the quiescent leukaemic 

stem cells do not rely on BCR-ABL1 for 

survival, and are refractory to TKI therapy 

(808,1529), 

Fig. 2.08 Chronic myeloid leukaemia (CML), BCR-ABU-pos'Alve: FISH with dual-colour and dual-fusion transloca¬ 

tion probes lor ABL1 (red) and BCR (green). A In a normal metaphase cell, there are two red signals labelling ABU 

at 9q34 and two green signals labelling BCR at 22q11.2. B On a metaphase preparation from a patient with CML and 

t(9;22)(q34;q11.2), there are one red signal (normal 9q34), one green signal (normal 22q11.2), and two orange/green 
(yellow) signals labelling derivative 9q34 and 22q11.2, respectively. 

34 Myeloproliferative neoplasms 



Fig.2.09 Chronic myeloid leukaemia, BCR-zABLI-positive (chronic phase): incidence of reported mutations within 

the kinase domain by percentage of the total. The seven most frequent mutations are depicted in red and the next 

eight in blue. The mutations shown in green have been reported in <2% of clinical resistance cases. Specific regions 

of the kinase domain are indicated as a P-loop or ATP-binding site (P), an imatinib-binding site (B), a catalytic domain 

(C), and an activation loop (A). The contact regions with SH2 and SH3 domain-containing proteins are also shown. 

Based on data from Apperley JF {122} and Soverini S et al. {3743A}. 

Genetic profile 
At diagnosis, 90-95% of cases of 

CML have the characteristic t(9;22) 

(q34.1;q11.2) reciprocal translocation that 

results in the Ph chromosome, der(22) 

t(9i22) {3433}. This translocation fuses 

sequences of the BCR gene on chromo¬ 

some 22 with regions of ABU on chro¬ 

mosome 9 {282|. The remaining cases 

have either variant translocations that 

involve a third or even a fourth ohromo- 

some in addition to chromosomes 9 and 

22, or a cryptic translocation of 9q34.1 

and 22q11.2 that cannot be identified by 

routine cytogenetic analysis. In such cas¬ 

es, the BCR-ABL1 fusion gene is present 

and can be detected by FISH analysis 

and/or RT-PCR (2619). 

The site of the breakpoint in chromo¬ 

some 22 may influence the phenotype 

of the disease (2619). In CML, the break¬ 

point cluster region (BCR) is almost al¬ 

ways in the major BCR (M-BCR), span¬ 

ning exons 12-16 (previously known as 

b1-b5) and an abnormal fusion protein, 

p210, is formed, which has increased ty¬ 

rosine kinase activity. Rarely, the break¬ 

point in the BCR gene occurs in the 

|j-BCR region, spanning exons 17-20 

(previously known as c1-c4), and a larger 

fusion protein, p230, is encoded. Patients 

with this fusion may demonstrate promi¬ 

nent neutrophilic maturation and/or con¬ 

spicuous thrombocytosis {2619,3048}. 

Although breaks in the minor breakpoint 

region, m-BCR (exons 1-2) lead to a 

short fusion proteins (p190) and is most 

frequently associated with Ph chromo¬ 

some-positive ALL, small amounts of the 

p190 transcript can be detected in more 

than 90% of patients with CML as well, 

due to alternative splicing of the BCR 

gene (4140). However, this breakpoint 

may also be seen in rare cases of CML 

associated with increased numbers of 

monocytes, which can resemble chronic 

myelomonocytic leukaemia {2623}. 

It is generally accepted that the increa¬ 

sed tyrosine kinase activity of BCR-ABL1 

is necessary and sufficient to cause 

CML-CP through the constitutive activa¬ 

tion of proteins in several signal trans¬ 

duction pathways. Among the many 

pathways affected are the JAK/STAT 

e13a2 
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Fig.2.10 Chronic myeloid leukaemia, BCR-ABLf-positive. A Schematic representation of the t(9;22) chromosomal translocation, the fusion mRNA transcripts encoded by 

the BCR-ABL1 fusion gene generated in the changed chromosome 22 and the Philadelphia (Ph) chromosome, and the translated BCR-ABL1 fusion protein (p210) - whose 

oncogenic properties are due primarily to its constitutively activated tyrosine kinase, encoded by the SHI domain (indicated in red). Some of the other important functional domains 

contributed by the BCR and ABL1 portions of the oncoprotein are also shown: the dimerization domain (DD); Y177, which is the autophosphorylation site crucial for binding to 

GRB2; the phospho-serine/threonine (P-S/T) SH2-binding domain; a region homologous to Rho guanine nucleotide exchange factors (rho-GEF); the ABU regulatory SH3 and 

SH2 domains; Y412, which is the major site of autophosphorylation within the SHI kinase domain; nuclear localization signals (NLS); and the DNA-binding and actin-binding 

domains. B Mechanism of action of BCR-ABL1 tyrosine kinase inhibitors. The physiological binding of ATP to its pocket allows BCR-ABL1 to phosphorylate selected tyrosine 

residues on its substrates (left panel); a synthetic ATP mimic such as imatinib fits the pocket (right panel), but does not provide the essential phosphate group to be transferred 

to the substrate. The downstream chain of reactions is then halted because, with its tyrosines in the unphosphorylated form, the substrate does not assume the necessary 

conformation to ensure association with its effector. 
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Fig. 2.11 Chronic myeloid leukaemia (CML), SCR-/46L1-positive (chronic phase). Survival probabilities in CML over 

time as observed in five consecutive randomized treatment-optimization studies (1983-2014) of the German CML 

Study Group using different treatment modalities, showing marked improvement in survival with tyrosine kinase 

inhibitor therapy. Similar results have been published by other cooperative groups. From: Hehimann R {1602}. 

(cell growth and survival), PI3K/AKT (cell 

growth, cell survival, and inhibition of 

apoptosis), and RAS/MEK (activation of 

transcription factors, including NF-kB) 

pathways {689,3771}. The understand¬ 

ing of the abnormal signalling in CML 

cells led to the design and synthesis of 

small molecules that target the tyrosine 

kinase activity of BCR-ABL1, of which 

imatinib mesylate was the first to be suc¬ 

cessfully used to treat CML {1041,1042}. 

Imatinib competes with ATP for binding 

to the BCR-ABL1 kinase domain, thus 

preventing phosphorylation of tyrosine 

residues on its substrates. Interruption 

of the oncogenic signal in this way is 

effective for control of the disease, par¬ 

ticularly when used early in CP. However, 

the emergence of subclones of leukae- 

mic progenitor cells that have BCR-ABL1 
point mutations that alter amino acids 

and prevent the binding of the inhibitor to 

the BCR-ABL1 kinase domain can lead 

to drug resistance, particularly in AP and 

BP {122}. The second and third genera¬ 

tions of TKIs (i.e. nilotinib, dasatinib, bo- 

sutinib, and ponatinib) can circumvent 

this form of drug failure in the presence 

of most kinase domain mutations {4281}, 
The molecular basis of transformation is 

still largely unknown {2620}. Progression 

is usually associated with clonal evolu¬ 

tion; at the time of transformation to AP 

or BP, 80% of cases demonstrate cyto¬ 

genetic changes in addition to the Ph 

chromosome, including an extra Ph chro¬ 

mosome, isochromosome 17q, and gain 

of chromosome 8 or 19, the so-called 

major route karyotypic abnormalities. 

The presence of any of these abnormali¬ 

ties in the karyotype at the time of initial 

diagnosis of CML has been reported to 

be an adverse prognostic finding, and 

places a case in the AP category {1161}. 

Genes reported to be altered in the trans¬ 

formed stages include TP53, RB1, MYC, 
CDKN2A (also called p16INK4a)^ NRAS, 
KRAS, RUNX1 (also called AMU), 

MECOM (also called EVI1), TET2, CBL, 
ASXL1, IDH1, and IDH2, but their exact 

role (if any) in the transformation is un¬ 

known {2453,3743}. The introduction 

of genome-wide expression profiling 

by microarray technology has revealed 

other candidate genes associated with 

the advanced stages, and has also re¬ 

vealed similar gene expression patterns 

in AP and BP, suggesting that the ge¬ 

netic events leading to transformation in 

AP and BP occur in late CP or early AP 

{4426}. These studies have also shown 

that progression to advanced-phase 

disease often shares biological features 

associated with resistance to TKI therapy 

{3277}. 

Prognosis and predictive factors 
In the current era of TKI therapy, the most 

important prognostic indicator is response 

to treatment at the haematological, cyto¬ 

genetic, and molecular level. However, 

the risk soores based on clinical and 

haematological findings (the Sokal score 

{3716} and EUTOS score {1582}) are also 

valid, with low-risk patients responding 

to TKIs significantly better than high-risk 

patients {207}, Overall, the complete cy¬ 

togenetic response rate to first-line TKI 

is 70-90%, with 5-year progression-free 

and overall survival rates of 80-95%. A 

major molecular response {BCR-ABL1 
<0.1% on the international scale) and a 

deeper molecular response {BCR-ABL1 
<0.01%) are achieved faster and more 

frequently with second-generation TKIs, 

predicting that a condition of treatment- 

free remission will be achieved in more 

patients than with imatinib. However, the 

progression-free survival rate is only mar¬ 

ginally improved, and overall survival is 

the same irrespective of the TKI used as 

first-line therapy. Today, few patients die 

from leukaemia, and the overall survival 

is similar to that of the non-leukaemic 

population {207,1602}. 
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Chronic neutrophilic leukaemia Bain B.J. 

Brunning R.D. 

Orazi A. 

Thiele J. 

Definition 
Chronic neutrophilic leukaemia is a rare 

myeloproliferative neoplasm character¬ 

ized by sustained peripheral blood neu¬ 

trophilia, bone marrow hypercellularity 

due to neutrophilic granulocyte prolifera¬ 

tion, and hepatosplenomegaly. There 

is no Philadelphia (Ph) chromosome or 

BCR-ABL1 fusion gene. The diagnosis 

requires exclusion of reactive neutrophilia 

and other myeloproliferative and myelo- 

dysplastic/myeloproliferative neoplasms 

(Table 2.02, p.38). 

ICD-0 code 9963/3 

Epidemiology 
The true Incidence of chronic neutro¬ 

philic leukaemia is unknown; >200 cas¬ 

es have been reported, but only about 

150 of these meet the current diagnostic 

criteria {231}. In one study of 660 cases 

of chronic leukaemias of myeloid origin, 

not a single case of chronic neutrophilic 

leukaemia was observed {3642}. Chronic 

neutrophilic leukaemia generally affects 

older adults, but has also been reported 

rarely in adolescents and young adults 

{1588,4441,4501}. In 116 patients whose 

age and sex were reported, the median 

age at presentation was 66 years and the 

male-to-female ratio was 1.6:1 {231}. 

Etiology 
The cause of chronic neutrophilic leukae¬ 

mia is unknown. Some cases have fol¬ 

lowed oytotoxic chemotherapy {1095}. 

Its occurrence in a father and son has 

been reported {2072}. In about a quarter 

of reported cases of chronic neutrophilic 

leukaemia or an apparently similar con¬ 

dition, the neutrophilia was associated 

with an underlying neoplasm, most often 

multiple myeloma or monoclonal gam- 

mopathy of undetermined significance. 

The majority of such cases constitute a 

neutrophilic leukaemoid reaction result¬ 

ing from synthesis of granulocyte colony- 

stimulating factor by neoplastic plasma 

cells. A very small number of patients ap¬ 

pear to have had both a plasma cell neo¬ 

plasm and true chronic neutrophilic leu¬ 

kaemia {391,2845}, but there is no reason 

to postulate a relationship between the 

two conditions. Acute myeloid leukaemia 

has supervened in 3 cases of a chronic 

neutrophilic leukaemia-like condition as¬ 

sociated with a plasma cell neoplasm, 

but all 3 patients had been exposed to 

leukaemogenic drugs before the emer¬ 

gence of acute myeloid leukaemia {995, 

2294,4079). The association of a con¬ 

dition resembling chronic neutrophilic 

leukaemia with other neoplasms is also 

likely to reflect a leukaemoid reaction. 

Localization 
The peripheral blood and bone marrow 

are always involved, and the spleen and 

liver usually show leukaemic infiltrates. 

However, any tissue can be infiltrated 

{4035,4441,4501}. 

Clinical features 
The most constant clinical feature re¬ 

ported is splenomegaly, which may be 

symptomatic. Hepatomegaly is usually 

present as well {4441,4501}. There may 

be bruising and purpura. A history of 

bleeding from mucocutaneous surfaces 

or from the gastrointestinal tract is re¬ 

ported in 25-30% of cases {1588,4501}. 

Gout and pruritus are other possible fea¬ 

tures {4501}. Serum vitamin B12 and uric 

acid are often elevated. 

Imaging 
Imaging may show enlargement of the 

liver or spleen. 

Microscopy 
The peripheral blood shows neutrophilia, 

with a white blood cell count >25 x 10®/L. 

The neutrophils are usually segmented, 

but there may also be a substantial in¬ 

crease in band forms. In almost all cases, 

neutrophil precursors (promyelocytes, 

myelocytes, and metamyelocytes) ac¬ 

count for <5% of the white blood cells, 

but occasionally they may account for 

as much as 10% {515,1094,1096A,1588, 

4441,4501}. Myeloblasts are almost 

Fig.2.12 Chronic neutrophilic leukaemia. A Characteristic neutrophilia in a peripheral blood smear. B Toxic granu¬ 

lation is commonly observed. C Bone marrow aspirate smear demonstrates neutrophil proliferation from myelocytes 

to segmented forms with toxic granulation, but no other significant abnormalities. D The bone marrow biopsy speci¬ 

men is hypercellular, showing a markedly elevated myeloid-to-erythroid ratio, with increased numbers of neutrophils, 

in particular mature segmented forms. 
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Table 2.02 Diagnostic criteria for chronic neutrophilic leukaemia 

1. - Peripheral blood white blood cell count >25 x 10®/L 
- Segmented neutrophils plus banded neutrophils constitute ^ 80% of the white blood cells 

- Neutrophil precursors (promyelocytes, myelocytes, and metamyelocytes) constitute 

<10% of the white blood cells 

- Myeloblasts rarely observed 

- Monocyte count < 1 x 10®/L 

- No dysgranulopoiesis 

2. - Hypercellular bone marrow 

- Neutrophil granulocytes increased in percentage and number 

- Neutrophil maturation appears normal 
- Myeloblasts constitute <5% of the nucleated cells 

3. Not meeting WHO criteria for BCR-ABU-posKm chronic myeloid leukaemia, polycythaemia vera, 

essential thrombocythaemia, or primary myelofibrosis 

4. No rearrangement of PDGFRA, PDGFRB, or FGFR1, and no PCM1-JAK2 fusion 

5. CSF3R T618I or another activating CSF3R mutation 

or 
Persistent neutrophilia (S3 months), splenomegaly, and no identifiable cause of reactive 

neutrophilia including absence of a plasma cell neoplasm or, if a plasma cell neoplasm is present, 
demonstration of clonality of myeloid cells by cytogenetic or molecular studies 

never observed in the blood. The neu¬ 

trophils often show toxic granulation and 

Ddhie bodies, but they may also appear 

normal. However, it should be noted that 

toxic granulation and Ddhie bodies ap¬ 

pear to be more consistently present in 

plasma cell-associated leukaemoid re¬ 

actions than in chronic neutrophilic leu¬ 

kaemia {231). Neutrophil dysplasia is not 

present. Red blood cell and platelet mor¬ 

phology is usually normal. 

Bone marrow biopsy shows hypercellu- 

larity, with neutrophilic proliferation. The 

myeloid-to-erythroid ratio may reach 

>20:1. Myeloblasts and promyelocytes 

are not increased in percentage at the 

time of diagnosis, but the proportion of 

myelocytes and mature neutrophils is 

increased. Erythroid and megakaryo- 

cytic proliferation may also occur {515, 

4441). Megakaryocytes may be cytologi- 

cally normal or there may be increased 

smaller forms. Significant dysplasia is not 

present in any of the cell lineages; there¬ 

fore, if it is found, another diagnosis, such 

as atypical chronic myeloid leukaemia 

(CML), BCR-ABL1-negat\ye, should be 

considered. Reticulin fibrosis is uncom¬ 

mon {515,1094,4441,4501). 

Given the frequency of neutrophilic leu¬ 

kaemoid reaction in association with 

multiple myeloma and monoclonal gam- 

mopathy of undetermined significance, 

the bone marrow should be examined 

for evidence of a plasma cell neoplasm 

{231,595,995,3764,3765). If plasma cell 

abnormalities are present, clonality of 

the neutrophil lineage should be dem¬ 

onstrated by cytogenetic or molecular 

techniques before a diagnosis of chronic 

neutrophilic leukaemia is made. 

Splenomegaly and hepatomegaly result 
from tissue infiltration by neutrophils. 

In the spleen, the infiltrate is mainly 
confined to the red pulp; in the liver, in¬ 

filtration may affect the sinusoids, portal 

areas or both {4441,4501). 

Cytochemistry 
The neutrophil alkaline phosphatase 

score is usually elevated, but is occasion¬ 

ally normal or even low {231). However, 

because the score is also usually elevat¬ 

ed in neutrophilic leukaemoid reactions, 

this is not a diagnostically useful test. 

The distinction of chronic neutrophilic 

leukaemia from the neutrophilic variant of 

BCR-ABU-pos'i^we CML should rely on 

molecular analysis. No other cytochemi- 

cal abnormality has been reported {1588, 

4501). 

Cell of origin 
A haematopoietic stem cell, which may 

have limited lineage potential {1259,4417) 

Genetic profile 
Cytogenetic studies are normal in nearly 

90% of cases. In the remaining cases, 

reported clonal karyotypic abnormali¬ 

ties include gains of chromosomes 8, 9, 

and 21; del(7q); del(20q) (the most fre¬ 

quently observed abnormality); del(llq); 

del(12p); nullisomy 17; a complex karyo¬ 

type; and several non-recurrent translo¬ 

cations {735,846,970,1094,1259,2553, 

3475,4417). Clonal cytogenetic abnor¬ 

malities may appear during the course of 

the disease. There is no Ph chromosome 

or BCR-ABL1 fusion. Cases with the neu¬ 

trophilic variant of CML have a variant fu¬ 

sion gene and a variant BCR-ABL1 fusion 

protein (p230), and are classified as CML 

rather than chronic neutrophilic leukae¬ 

mia. Chronic neutrophilic leukaemia is 

now known to be strongly associated with 

CSF3R mutation {2588,3057), often to¬ 

gether with mutation of SETBP1 or ASXL1 

{846,1096A,2226,2588,2630). Coexist¬ 

ing ASXL1 mutation is associated with a 

worse prognosis {1095). CSF3/T mutation 

was reported in 8 of 20 patients with a 

diagnosis of atypical CML, BCR-ABL1- 
negative, in an initial study {2588), but 

this high prevalence was not confirmed in 

subsequent investigations {3057,4248}. 

JAK2 V617F has been reported in at 

least a dozen patients {231,2591} and is 

sometimes homozygous (1902); this ap¬ 

pears to be an alternative mechanism of 

leukaemogenesis. Complete cytogenetic 

remission with imatinib was reported in a 

patient with chronic neutrophilic leukae¬ 

mia and t(15;19)(q13;p13.3), suggesting 

the possibility of an unidentified fusion 

gene in some cases {735}. 

Prognosis and predictive factors 
Although generally considered a slowly 

progressive disorder, chronic neutro¬ 

philic leukaemia is associated with vari¬ 

able survival, ranging from 6 months to 

>20 years. The neutrophilia is usually 

progressive, and anaemia and thrombo¬ 

cytopenia may follow. The development 

of myelodysplastic features may signal 

a transformation of the disease to acute 

myeloid leukaemia {1588,4501). Transfor¬ 

mation has been reported following cyto¬ 

toxic therapy, but also in its absence. 
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Polycythaemia vera Thiele J. 

Kvasnicka H.M. 

Orazi A, 

Tefferi A. 

Birgegard G. 

Barbui T. 

The diagnosis of poiycythaemia vera requires either ali 3 major criteria or the first 2 major criteria 
piusthe minor criterion^. 

Major criteria 

1. Elevated haemoglobin concentration (>16.5 g/dL in men; > 16.0 g/dL in women) or 

Elevated haematocrit (>49% in men; >48% in women) or 

Increased red blood cell mass (>25% above mean normal predicted value) 

2. Bone marrow biopsy showing age-adjusted hypercellularity with trilineage growth (panmyelosis), 

including prominent erythroid, granulocytic, and megakaryocytic proliferation with pleomorphic, 

mature megakaryocytes (differences in size) 

3. Presence of JAK2 V617F or JAK2 exon 12 mutation 

Minor criterion 

Subnormal serum erythropoietin level 

^ Major criterion 2 (bone marrow biopsy) may not be required in patients with sustained absolute erythrocytosis 

(haemoglobin concentrations of > 18.5 g/dL in men or > 16.5 g/dL in women and haematocrit values of 

>55.5% in men or >49.5% in women), if major criterion 3 and the minor criterion are present. However, initial 

myelofibrosis (present in as many as 20% of patients) can only be detected by bone marrow biopsy, and this 

finding may predict a more rapid progression to overt myelofibrosis (post-PV myelofibrosis) (253). 

Definition 
Polycythaemia vera (PV) is a chronic 

myeloproliferative neoplasm (MPN) 

characterized by increased red blood 

cell (RBC) production independent of 

the mechanisms that normally regulate 

erythropoiesis. 

Virtually all patients carry the somatic 

JAK2 V617F gain-of-function muta¬ 

tion or another functionally similar JAK2 
mutation that results in proliferation not 

only of the erythroid lineage but also of 

granulocytes and megakaryocytes (i.e. 

panmyelosis). Generally, two phases 

of PV are recognized: a polycythaemia 

phase, associated with elevated haemo¬ 

globin level, elevated haematocrit, and 

increased RBC mass, and a spent phase 

or post-polycythaemic myelofibrosis 

phase (post-PV myelofibrosis), in which 

cytopenias, including anaemia, are as¬ 

sociated with ineffective haematopoiesis, 

bone marrow fibrosis, extramedullary 

haematopoiesis, and hypersplenism. 

The natural progression of PV also in¬ 

cludes a low incidence of evolution to a 

myelodysplastic/pre-leukaemic phase 

and/or blast phase (i.e. acute leukaemia). 

All causes of secondary erythrocyto¬ 

sis, heritable polycythaemia, and other 

MPNs must be excluded. The diagnosis 

requires integration of clinical, laboratory, 

and bone marrow histological features, 

as outlined in Table 2.03. 

ICD-0 code 9950/3 

Synonyms 
Polycythaemia rubra vera; proliferative 

polycythaemia (no longer recommend¬ 

ed); chronic erythraemia (obsolete) 

Epidemiology 
The reported annual incidence of PV in¬ 

creases with advanced age and ranges 

from 0.01 to 2.8 cases per 100 000 popu¬ 

lation in Europe and North America; the 

lowest incidence rates are reported in 

Japan and Israel (1864,2764,4010}. Most 

reports indicate a slight male predomi¬ 

nance, with a male-to-female ratio of 1 -2:1 

(2500,3209}. The median patient age at 

Table 2.03 Diagnostic criteria for polycythaemia vera 

diagnosis is 60 years (2500,3209,3929}; 

cases in patients aged <20 years are 

rarely reported (1375,3087}. The reported 

worldwide annual incidence of MPNs is 

0.44-5.87 cases per 100 000 popula¬ 

tion, with annual rates of 0.84, 1.03, and 

0.47 cases per 100 000 population for 

PV, essential thrombocythaemia, and pri¬ 

mary myelofibrosis, respectively (1864}. 

Etiology 
The underlying cause is unknown in most 

cases. A genetic predisposition has been 

reported in some families (1411,1677,3457}. 

Ionizing radiation and occupational expo¬ 

sure to toxins have been suggested as pos¬ 

sible causes in some cases (526,3606}. 

Localization 
The blood and bone marrow are the major 

sites of involvement, but the spleen and 

liver are also affected and are the major 

sites of extramedullary haematopoiesis in 

later stages. However, any organ can be 

damaged as a result of the vascular con¬ 

sequences of the increased RBC mass. 

Clinical features 
The major symptoms of PV are related to 

hypertension or vascular abnormalities 

caused by the increased RBC mass (i.e. 

increased viscosity of blood). In nearly 

20% of cases, an episode of venous or 

arterial thrombosis (such as deep vein 

thrombosis, myocardial ischaemia, or 

stroke) is documented in the medical his¬ 

tory, and may be the first manifestation 

of PV (1103,2500,3209,3929}. Mesen¬ 

teric, portal, or splenic vein thrombosis 

or Budd-Chiari syndrome should al¬ 

ways lead to consideration of PV as an 

underlying cause, and may precede the 

onset of overt polyoythaemio disease 

manifestations (1022,1362,2012,3240, 

3702}. Headache, dizziness, visual dis¬ 

turbances, and paraesthesias are major 

symptoms; pruritus, erythromelalgia, and 

gout are also common. In PV, physical 

findings usually include plethora and 

palpable splenomegaly {2603}, and may 

also include hepatomegaly depending 

on the diagnostic criteria used (2602, 

3758,3917,3929}. There is debate as to 

which of the three RBC variables (hae¬ 

moglobin, haematocrit, or RBC mass) 

should be used to define the diagnostic 

hallmark of PV {256}. In the original 4th 

edition of the WHO olassification, the 

first major diagnostic criterion for PV was 

haemoglobin concentration >18.5 g/dL 

in men or > 16.5 g/dL in women, haemo¬ 

globin concentration > 17 g/dL in men or 
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Fig.2.13 Polycythaemia vera, so-called masked/prodromal presentation. A Mildly hypercellular bone marrow showing a predominance of large megakaryocytes in the bone 

marrow biopsy section. B Many large and giant hypersegmented (essential thrombocythaemia-like) megakaryocytes in a case clinically mimicking ET, because of a platelet 

count >1000 X 10^/L). Note the only mildly increased granule- and erythropoiesis (panmyelosis), better demonstrated by naphthol-AS-D-chloroacetate esterase (CAE) reaction. 

ov-T-., 

Fig.2.14 Polycythaemia vera, overt polycythaemic presentation. A Bone marrow biopsy shows a characteristically hypercellular marrow characterizing the overt polycythaemic 

presentation (panmyelosis). B Megakaryocytes revealing different sizes are always a prominent feature. The cells are more easily evaluated by using the periodic acid-Schiff 

(PAS) staining reaction. C Panmyelosis (trilineage proliferation) as demonstrated by the naphthol-ASD-chloroacetate (CAE) stain which, by accurately identifying the granulocytic 

cells (red reaction product), helps in the assessment of the relative proportion of the two major marrow lineages (erythropoietic and granulopoietic). D At this disease stage, the 
megakaryocytes show increased pleomorphism, with significant differences in size but no relevant maturation defects such as nuclear or cytoplasmic differentiation, as shown 

with PAS staining. 

>15g/dL in women associated with 

a sustained increase of >2 g/dL from 

baseline that cannot be attributed to cor¬ 

rection of iron deficiency, or RBC mass 

>25% above the mean normal predicted 

value (3931). However, it has been ar¬ 

gued that the application of these crite¬ 

ria may result in the underdiagnosis of 

PV due to exclusion of patients with an 

actual RBC mass >25% above the mean 

normal predicted value, but with haemo¬ 

globin levels and haematocrit below the 

cut-off points {2602,3677,3758}. For this 

reason, the term ‘masked PV was intro¬ 

duced (82,251) for J/A/<2-mu fated cases 

in patients with latent (initial, occult pre- 

polycythaemic) disease manifestations 

who have persistently elevated haemo¬ 

globin concentrations (>16.5 g/dL in 

men; > 16.0 g/dL in women) or that fulfil 

the diagnostic criteria for PV proposed 

in the 2007 British Committee for Stand¬ 

ards in Haematology (BCSH) guidelines 

{248,2603}. Cut-off points were deter¬ 

mined to be the optimal thresholds for 

distinguishing J/A/L^-mutated essential 

thrombocythaemia from PV {249,252}. 

Consequently, these values have been 

included in the revised WHO criteria 

{3932} (see Table 2.03, p.39). 
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Fig.2.15 Acute leukaemia in polycythaemia vera. Blood 

smear from a patient with a long-standing history of PV. 

The patient had been treated with alkylating agents 

during the polycythaemic stage. The blasts expressed 

CD13, CD33, CD117 and CD34, and had a complex 

karyotype. 

Fig.2.16 Polycythaemia vera, post-polycythaemic myelofibrosis (post-PV MF) and myeloid metaplasia stage. 

A Peripheral blood smear demonstrates leukoerythroblastosis with numerous teardrop-shaped red blood cells 

(dacryocytes). B Bone marrow biopsy shows conspicuously abnormal megakaryocytic proliferation and depletion of 

the erythroid and granulocytic cells. C Immunostaining for CD61 illustrates the atypia in the megakaryocytic popula¬ 

tion, including a population of small immature megakaryocytes. D Overt reticulin fibrosis that is invariably present in 

post-PV MF with myeloid metaplasia. 

Clinical laboratory studies that facilitate 

the diagnosis of PV include detection of 

JAK2 V617F or functionally similar mu¬ 

tations (e.g. JAK2 exon 12 mutations) 

{2603,3056,3929,3931,3932} and sub¬ 

normal erythropoietin levels (251,2602, 

2760,3677,3929}. Endogenous erythroid 

colony growth is no longer included as 

a minor diagnostic criterion, due to its 

limited practicality {3932}; it is time-con¬ 

suming, unstandardized, restricted to 

specialized institutions, and costly. 

Some cases (in particular cases in 

J/\/<'2V617F-mutated patients with pro¬ 

minent thrombocytosis and initially low 

haemoglobin levels and/or haematocrit) 

can clinically mimic essential thrombo- 

cythaemia at onset {249}, despite show¬ 

ing bone marrow histopathology char¬ 

acteristic of PV and later increases in 

the RBC parameters {1364,2152,3972}, 

Therefore, determination of JAK2 and 

C/ALf? mutation status alone (without mor¬ 

phological examination) is not sufficient 

to differentiate PV from JAK2-mutate6 
essential thrombocythaemia {3920}, 

Microscopy 
In PV, the major features in the periph¬ 

eral blood and bone marrow are attribut¬ 

able to effective proliferation in the eryth¬ 

roid, granulocytic, and megakaryocytic 

lineages: i.e. there is a panmyelosis. 

The peripheral blood shows a mild to 

overt excess of normochromic, normo- 

cytic RBCs. If there is iron deficiency 

due to bleeding, the RBCs may be hy¬ 

pochromic and microcytic. Neutrophilia 

and rarely basophilia may be present. 

Occasional immature granulocytes may 

be detectable, but circulating blasts are 

generally not observed. 

Bone marrow cellularity is usually in¬ 

creased {3975}. Hypercellularity is espe¬ 

cially noteworthy in the subcortical mar¬ 

row space, which is normally hypocellular 

{1329,3964}. Panmyelosis accounts for 

the increased haematopoietic cellularity, 

but increased numbers of erythroid pre¬ 

cursors and megakaryocytes are often 

most prominent {1098,1329,3964,3978}. 

Using standardized prominent bone mar¬ 

row features {3969,3973}, several groups 

have succeeded in identifying histo¬ 

logical patterns that are characteristic 

of WHO-defined PV, including so-called 

Fig. 2.17 Polycythaemia vera, post-polycythaemic myelofibrosis (post-PV MF) and myeloid metaplasia, splenectomy 

specimen. The splenic enlargement in the post-polycythaemic phase is due mainly to extramedullary haematopoiesis 

that occurs in the splenic sinuses, as well as fibrosis and entrapment of platelets and haematopoietic cells in the 

splenic cords. 
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Table 2.04 Relative incidence of discriminating features according to standardized WHO morphological criteria generating histological patterns in initially performed bone marrow 

biopsy specimens. Modified and adapted from Thiele J. and Kvasnicka H.M. {3969}____ 

Bone marrow morphology features Relative frequency of features 

Cellularlty 

Granulopoiesis 

Erythropolesis 

Megakaryopolesis 

Size of cells 

Histotopography 

Cluster formation 

Nuclear features 

Fibrosis 

Stroma 

PV ET Pre-PMF Overt PMF 

Age-related increase >80% 10-19% V
 

G
O

 
O

 

10-19% 

Increased in quantity >80% <10% 50-80% 0% 

Left-shifted <10% <10% 20-49% 10-19% 

Increased in quantity >80% <10% <10% 0% 

Left-shifted >80% <10% 10-19% <10% 

Increased in quantity 50-80% >80% 50-80% 20-49% 

Small 20-49% <5% 20-49% 20-49% 

Medium 20-49% 10-19% 10-19% 10-19% 

Large 20-49% 20-49% 20-49% 10-19% 

Giant 10-19% 20-49% 10-19% <10% 

Endosteal translocation 10-19% 10-19% 20-49% 20-49% 

Small clusters (> 3 cells) 10-19% 10-19% 50-80% 50-80% 

Large clusters (>7 cells) <10% 0% 20-49% 20-49% 

Dense clusters <10% <5% 20-49% 50-80% 

Loose clusters 20-49% 20-49% 50-80% 10-19% 

Hypolobulation (bulbous) 10-19% <10% 50-80% 50-80% 

Hyperlobulation (staghorn-like) 50-80% 50-80% <10% 0% 

Maturation defects 0% 0% 50-80% >80% 

Naked nuclei 20-49% 20-49% 50-80% >80% 

Increased reticulin 10-19% <5% 20-49% >80% 

Increased collagen 0% 0% 0% 50-80% 

Osteosclerosis 0% 0% 

-sP
 

1 
O

 ... J
 

20-49% 

Iron deposits 0% 20-49% 10-19% <10% 

Lymphoid nodules 10-19% <5% 10-19% <10% 

PV, polycythaemia vera; ET, essential thrombocythaemia; pre-PMF, prefibrotic/early primary myelofibrosis; Overt PMF, overt primary myelofibrosis 

masked PV {251,1361,1364,3677,3964, 

3972,3978,3983}. Erythropoiesis is usu¬ 

ally normoblastic, erythroid precursors 

form large islets or sheets, and granu¬ 

lopoiesis is morphologically normal. 

The proportion of myeloblasts is not in¬ 

creased. Megakaryocytes are increased 

in number (particularly in cases with an 

excess of platelets) and frequently dis¬ 

play hypersegmented nuclei. Cases with 

high platelet counts and low haemoglo¬ 

bin or haematocrit values may mimic es¬ 

sential thrombocythaemia at onset {1364, 

2152,3972}. Megakaryocytes tend to form 

loose clusters or lie close to the bone tra¬ 

beculae, and often show a significant de¬ 

gree of pleomorphism, resulting in a mix¬ 

ture of sizes. Most of the megakaryocytes 

exhibit normally folded or deeply lobed 

nuclei, and they usually lack significant 

atypia, although a minority may show 

bulbous nuclei and other nuclear abnor¬ 

malities, particularly when associated 

with a minor increase in reticulin {3964}. 

Marrow sinuses are dilated and often 

densely filled by erythrocytes. It is usually 

possible to distinguish PV from essential 

thrombocythaemia, primary myelofi¬ 

brosis, and reactive erythrocytosis and 

thrombocytosis {1361,1380,2147,2433, 

3964,3983} on the basis of the char¬ 

acteristic histological pattern of PV 

(Table 2.04) {3969}. Therefore, WHO has 

adopted bone marrow morphology as 

one of the major diagnostic criteria for 

PV {257,3932}. Reticulin staining reveals 

a normal reticulin fibre network in about 

80% of cases, but the remainder may 

display increased reticulin and even mild 

to moderate collagen fibrosis {11,253, 

496,1329,2105,3964,3983}, depending 

on the stage of disease at initial diag¬ 

nosis. Even a minor increase in reticulin 

fibres (reticulin grade 1) {3975} at initial 

presentation of PV has been associated 

with a more rapid progression to post-PV 

myelofibrosis, underscoring the value of 

bone marrow biopsy {11,253}. Reactive 

nodular lymphoid aggregates are found 

in as many as 20% of cases {3964,3969}. 

In >95% of cases, stainable iron is ab¬ 

sent in bone marrow aspirate and biopsy 

specimens {1098,3978,3983}. 

Spent phase and post-polycythaemic 
myelofibrosis (post-PV MF) 
During the later phases of PV, erythro¬ 

poiesis progressively decreases. As a re¬ 

sult, the RBC mass normalizes and then 

decreases, and the spleen further en¬ 

larges. Persistent leukocytosis occurring 

at or around the time of progression to 

post-PV MF has been reported to be as¬ 

sociated with an overall more aggressive 

course of disease {405}. These changes 

are usually accompanied by correspond¬ 

ing bone marrow alterations {407,1098, 

3511,3758}. The most common pattern 

of disease progression is post-PV MF 
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Table 2.05 Diagnostic criteria for post-polycythaemia vera (PV) myeiofibrosis (265} 

Required criteria 

1. Documentation of a previous diagnosis of WHO-defined PV 

2. Bone marrow fibrosis of: 

grade 2-3 on a 0-3 scale {3975} or 

grade 3-4 on a 0-4 scale {2146} 

Additional criteria (2 are required) 

1. Anaemia (i.e. below the reference range given age, sex, and altitude considerations) or 

sustained loss of requirement of either phlebotomy (in the absence of cytoreductive therapy) or 

cytoreductive treatment for erythrocytosis 

2. Leukoerythroblastosis 

3. Increasing splenomegaly, defined as either an increase in palpable splenomegaly of 

> 5 cm from baseline (distance from the left costal margin) or 

the development of a newly palpable splenomegaly 

4. Development of any 2 (or all 3) of the following constitutional symptoms: 

> 10% weight loss in 6 months, night sweats, unexplained fever (> 37.5 °C) 

Reprinted by permission from Macmillan Publishers Ltd: Leukemia. Barosi G, Mesa RA, Thiele J, Cervantes 

F, Campbell PJ, Verstovsek S, et al. Proposed criteria for the diagnosis of post-polycythemia vera and post¬ 

essential thrombocythemia myelofibrosis: a consensus statement from the International Working Group for 

Myelofibrosis Research and Treatment. Leukemia. 2008;22:437-8. Copyright 2008. 

accompanied by myeloid metaplasia, 

which is characterized by a leukoeryth- 

roblastic peripheral blood smear, poikil- 

ocytosis with teardrop-shaped RBCs, 

and splenomegaly due to extramedul¬ 

lary haematopoiesis, as defined in Ta¬ 

ble 2.05, p.38 {265). In two large series 

of patients with WHO-defined myeiofibro¬ 

sis, post-PV MF was found to account for 

about 20% of the cases {3920). The mor¬ 

phological hallmark of this disease stage 

is overt reticulin {3983) and collagen fi¬ 

brosis {407,1098,3511,3964) of the bone 

marrow. Cellularity varies in this terminal 

stage, but hypocellular specimens are 

common. Clusters of megakaryocytes, 

often with hyperchromatic and very dys¬ 

morphic nuclei, are prominent; however, 

cases retaining PV-like features have 

also been desoribed {407). Erythropoie- 

sis and granulopoiesis are decreased in 

quantity; RBCs, granulocytes, and meg¬ 

akaryocytes are sometimes found lying 

within dilated marrow sinusoids {3511, 

3964), Bone marrow fibrosis is usually of 

grade 2-3 on a 0-3 scale {2148,3975) 

or grade 3-4 on a 0-4 scale {2146). 

Osteosclerosis may occur {1098,3511). 

There is disagreement about the degree 

to which advanced post-PV MF resem¬ 

bles overt primary myelofibrosis in terms 

of clinical and morphological features 

{407,3511). The splenic enlargement is a 

consequence of extramedullary haema¬ 

topoiesis, which is characterized by the 

presence of erythroid, granulooytio, and 

megakaryocytic elements in the splenic 

sinuses and cords of Billroth. An increase 

in the number of immature cells may be 

observed in these stages, but the finding 

of >10% blasts in the peripheral blood 

or bone marrow or the presence of sub¬ 

stantial myelodysplasia is unusual, and 

most likely indicates transformation to 

an acoelerated phase. Cases with >20% 

blasts are considered to be blast-phase 

post-PV MF, formerly called acute leu¬ 

kaemia {3089,3758,3964). 

Cell of origin 
The postulated cell of origin is a haemato¬ 

poietic stem cell. 

Genetic profile 
The most common genetic abnormality 

in PV is the somatio gain-of-funotion mu¬ 

tation JAK2 V617F {2099), Although this 

mutation occurs in >95% of patients with 

PV {3915,3929), it is not specific for this 

entity; it is found in other MPNs {3915, 

3920) and is also seen in a small subset 

(<5%) of oases of acute myeloid leukae¬ 

mia, myelodysplastio syndromes, chronic 

myelomonocytic leukaemia, and other 

myeloid malignancies {3775), Rare cases 

of JAK^-mutant PV acquire a BCR-ABL1 
rearrangement; however, the clinical sig¬ 

nificance of this is uncertain. Due to this 

additional phenotypic mutation, a mor¬ 

phological and haematological shift ca¬ 

pable of producing a chronic myeloid leu¬ 

kaemia-like evolution may occur (1740, 

3190). Functionally similar mutations in 

exon 12 of JAK2are found in about 3% of 

cases, which generally show a predomi¬ 

nant erythroid haematopoiesis {2194, 

3056,3604). Mutations similar to those 

described in MPNs (3915) have also 

been found at very low frequencies in el¬ 

derly patients with no haematological ma¬ 

lignancy (1326,1830,4386). At diagnosis, 

cytogenetic abnormalities are detectable 

in as many as 20% of cases (3920). The 

most common recurrent abnormalities 

are gain of chromosome 8 or 9, del(20q), 

del(13q), and del(9p); gains of chromo¬ 

somes 8 and 9 are sometimes found 

together (102,4307), There is no Phila¬ 

delphia (Ph) chromosome or BCR-ABL1 
fusion. The frequency of chromosomal 

abnormalities increases with disease pro¬ 

gression; they are seen in nearly 80-90% 

of cases of post-PV myelofibrosis (102), 

Cases that progress to the accelerated 

phase or blast phase often have cytoge¬ 

netic abnormalities, including those com¬ 

monly observed in therapy-related myelo- 

dysplastic syndrome and acute myeloid 

leukaemia (see Acute myeloid leukaemia 
and related precursor neoplasms, p. 129). 

Genetic susceptibility 
A genetic predisposition has been re¬ 

ported in some families (1411,1677,3457), 

Prognosis and predictive factors 
With currently available treatment, me¬ 

dian survival times >10 years are com¬ 

monly reported (2150,3090,3209,3758). 

Recent studies using WHO criteria have 

found median survivals of > 13 years over¬ 

all and about 24 years in patients aged 

<60 years (3920,3929). Prognostic fac¬ 

tors other than older age remain contro¬ 

versial (2150,2500,3090). It has been 

shown that survival is adversely affected 

by leukocytosis and abnormal karyotype 

(405.3929) . Most patients die from throm¬ 

botic complications or second malignan¬ 

cies, but as many as 20% succumb to my- 

elodysplastic syndrome or blast phase / 

acute myeloid leukaemia (2500,3209, 

3758). In large series of cases defined 

per the WHO criteria, 3-7% of cases were 

found to be in the blast phase (3920). 

The factors that predict the risk of throm¬ 

bosis or haemorrhage are not well defined, 

but age and previous thrombosis have 

been shown to indicate a higher throm¬ 

botic risk (247,2500,2501,3087,3758). 

The incidence of myelodysplastio syn¬ 

drome and the blast phase is only 2-3% 

in patients who have not been treated with 

cytotoxic agents, but increases to >10% 

following certain types of chemotherapy 

(1216.2500.3087.3089.3758.3929) , 
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Table 2.06 Diagnostic criteria for primary myelofibrosis, prefibrotic/early stage 

The diagnosis of prefibrotic/early primary myelofibrosis requires that all 3 major criteria and 

at least 1 minor criterion are met. 

Major criteria 

1. Megakaryocytic proliferation and atypia, without reticulin fibrosis grade > 1®, accompanied by 

increased age-adjusted bone marrow cellularity, granulocytic proliferation, and (often) decreased 

erythropoiesis 

2. WHO criteria for BCR-ABU-posAm chronic myeloid leukaemia, polycythaemia vera, 

essential thrombocythaemia, myelodysplastic syndromes, or other myeloid neoplasms are not met 

3. JAK2, CALR, or MPL mutation 

or 

Presence of another clonal marker*’ 

or 

Absence of minor reactive bone marrow reticulin fibrosis” 

Minor criteria 

Presence of at least one of the following, confirmed in 2 consecutive determinations: 

- Anaemia not attributed to a comorbid condition 

- Leukocytosis > 11 x 10^/L 

- Palpable splenomegaly 

- Lactate dehydrogenase level above the upper limit of the institutional reference range 

^ See Table 2,09 (p.47). 

In the absence of any of the 3 major clonal mutations, a search for other mutations associated with myeloid 

neoplasms (e.g. ASXL1, EZH2, TET2, IDH1, IDH2, SRSF2, and SF3B1 mutations) may be of help in determin¬ 

ing the clonal nature of the disease, 

” Minor (grade 1) reticulin fibrosis secondary to infection, autoimmune disorder or other chronic inflammatory 

conditions, hairy cell leukaemia or another lymphoid neoplasm, metastatic malignancy, or toxic (chronic) 

myelopathies. 

Definition 
Primary myelofibrosis (PMF) is a clon¬ 

al myeloproliferative neoplasm (MPN) 

characterized by a proliferation of pre¬ 

dominantly abnormal megakaryocytes 
and granulocytes in the bone marrow, 

which in fully developed disease is asso¬ 

ciated with reactive deposition of fibrous 

connective tissue and with extramedul¬ 
lary haematopoiesis. 

There is a stepwise evolution from an 

initial prefibrotic/early stage, character¬ 

ized by hypercellular bone marrow with 

absent or minimal reticulin fibrosis, to 

an overt fibrotic stage with marked re¬ 

ticulin or collagen fibrosis in the bone 

marrow, and often osteosclerosis. The 

fibrotic stage of PMF is clinically char¬ 

acterized by leukoerythroblastosis in the 

blood (with teardrop-shaped red blood 

cells), hepatomegaly, and splenomega¬ 

ly. The diagnostic criteria for prefibrotic/ 

early PMF (pre-PMF) are summarized in 

Table 2.06 and those of overt (classic) 
PMF in Table 2.07. 

ICD-0 codes 
Primary myelofibrosis 9961/3 

Primary myelofibrosis, 

prefibrotic/early stage 9961/3 

Primary myelofibrosis, 

overt fibrotic stage 9961/3 

Synonyms 
Chronic idiopathic myelofibrosis; myelofi¬ 

brosis/sclerosis with myeloid metaplasia; 

agnogenic myeloid metaplasia; mega¬ 

karyocytic myelosclerosis; idiopathic 

myelofibrosis; myelofibrosis with myeloid 

metaplasia; myelofibrosis as a result of 

myeloproliferative disease 

Epidemiology 
The estimated annual incidence of overt 

PMF is 0.5-1.5 cases per 100 000 popu¬ 

lation {2613,2764,3916,4010). Valid data 

on the incidence of pre-PMF are not 

available, but data from reference cen¬ 

tres suggest that the prefibrotic/early 

stage accounts for 30-50% of all PMF 

cases. There are few reliable estimates 

of prevalence (2764,4010). The preva¬ 

lence of PMF Is probably increasing, due 

to earlier diagnosis (i.e. of pre-PMF) and 

prolonged survival (615). PMF affects 

men and women nearly equally (3916), 

It occurs most commonly in the sixth to 

seventh decades of life, and only about 

10% of overt PMF cases are diagnosed 

in patients aged <40 years {614). Chil¬ 

dren are rarely affected (81,614). 

Etiology 
Exposure to benzene or ionizing radiation 

has been documented in some cases 

(998). Rare familial cases of bone mar¬ 

row fibrosis in young children have been 

reported; how many of these constitute 

MPNs is unknown, but at least some 

cases appear to constitute an autosomal 

recessive inherited condition (3457). In 

other families, with a somewhat older pa¬ 

tient age at onset, the features have been 

consistent with an MPN, suggesting a 

familial predisposition to PMF (617,3418). 

Localization 
The blood and bone marrow are al¬ 

ways involved. In the later stages of the 

disease, extramedullary haematopoie¬ 

sis (also known as myeloid metaplasia) 

becomes prominent, particularly in the 

spleen (267), which harbours neoplastic 

stem cells (4255), In the initial stages, the 

number of randomly distributed CD34-r 

progenitors is slightly Increased in the 

bone marrow, but not in the peripheral 

blood. The frequency of bone marrow 

CD34-I- cells Is inversely related to the 

number of circulating CD34-I- cells (2864, 

3971); only in the later stages do they ap¬ 

pear in large numbers in the peripheral 

blood. This increase in the number of cir¬ 

culating CD34-I- cells is a phenomenon 

largely restricted to overt PMF; it is not 

seen in non-fibrotic polycythaemia vera 
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Table 2.07 Diagnostic criteria for primary myelofibrosis, overt fibrotic stage 

The diagnosis of overt primary myelofibrosis requires that all 3 major criteria and 

at least 1 minor criterion are met. 

Major criteria 

1. Megakaryocytic proliferation and atypla, accompanied by reticulin and/or collagen fibrosis grades 2 or 3^ 

2. WHO criteria for essential thrombocythaemia, polycythaemia vera, BCR-ABL1-pos'AWe chronic 

myeloid leukaemia, myelodysplastic syndrome, or other myeloid neoplasms'^ are not met 

3. JAK2, CALR, orMPL mutation 

or 

Presence of another clonal marker*" 

or 

Absence of reactive myelofibrosis'* 

Minor criteria 

Presence of at least one of the following, confirmed in 2 consecutive determinations: 

- Anaemia not attributed to a comorbid condition 

- Leukocytosis >11 x 10^/L 

- Palpable splenomegaly 

- Lactate dehydrogenase level above the upper limit of the institutional reference range 

- Leukoerythroblastosis 

" See Table 2.09 (p.47). 

Myeloproliferative neoplasms can be associated with monocytosis or they can develop it during the course of 

the disease; these cases may mimic chronic myelomonocytic leukaemia (CMML); in these rare instances, 

a history of MPN excludes CMML, whereas the presence of MPN features in the bone marrow and/or 

MPN-associated mutations (in JAK2, CALR, or MPL) tend to support the diagnosis of MPN with monocytosis 

rather than CMML. 

In the absence of any of the 3 major clonal mutations, a search for other mutations associated with myeloid 

neoplasms (e.g. ASXL1, EZH2, TET2, IDH1, IDH2, SRSF2, and SF3B1 mutations) may be of help in 

determining the clonal nature of the disease. 

^ Bone marrow fibrosis secondary to infection, autoimmune disorder or another chronic inflammatory condition, 

hairy cell leukaemia or another lymphoid neoplasm, metastatic malignancy, or toxic (chronic) myelopathy. 

or essential thrombocythaemia (101,268, 

3091). It has been postulated that ex¬ 

tramedullary haematopoiesis is a conse¬ 

quence of the unique ability of the spleen 

to sequester the numerous circulating 

CD34-I- cells {3970,4255}. Other possible 

sites of extramedullary haematopoiesis 

are the liver, lymph nodes, kidneys, ad¬ 

renal glands, dura mater, gastrointestinal 

tract, lungs and pleura, breasts, skin, and 

soft tissue (3916), 

Clinical features 
As many as 30% of cases are asymp¬ 

tomatic at the time of diagnosis and are 

discovered by detection of splenomegaly 

during a routine physical examination or 

when a routine blood count reveals anae¬ 

mia, leukocytosis, and/or thrombocyto¬ 

sis. Less commonly, the diagnosis results 

from discovery of unexplained leuko¬ 

erythroblastosis or an increased lactate 

dehydrogenase level (613,3916,3931). 

In the initial prefibrotic stage of PMF, the 

only finding may be marked thrombocy¬ 

tosis mimicking essential thrombocythae¬ 

mia, because the other clinical features 

may be either within the normal range or 

only borderline abnormal (254,266,3931, 

3962,3966,3977). Therefore, neither sus¬ 

tained thrombocytosis nor positive muta¬ 

tion status alone can distinguish prefibrot¬ 

ic PMF from essential thrombocythaemia; 

careful analysis of bone marrow morphol¬ 

ogy is necessary (see Table 2.04, p.42, 

and Table 2.08, p.47) (254,257,263,1366, 

1380,3933,3965). 

More than 50% of patients with PMF 

experience constitutional symptoms, in¬ 

cluding fatigue, dyspnoea, weight loss, 

night sweats, low-grade fever, and ca¬ 

chexia (2643). These symptoms, which 

reflect the biological activity of the dis¬ 

ease, compromise quality of life and are 

associated with prognosis (616). Gouty 

arthritis and renal stones due to hyperuri- 

caemia can also occur. Splenomegaly of 

various degrees is detected in as many 

as 90% of patients, and can be massive. 

Nearly 50% of patients have hepatomeg¬ 

aly, depending on the stage of disease 

(264,613,614,3916). 

In WHO-defined PMF, JA/<2V617F muta¬ 

tion is found in 50-60% of early-stage 

cases (254) (as well as in advanced 

stages); CALR mutations are found in 

about 24% of PMF cases and MPL mu¬ 

tations in 8%. About 12% of cases are 

triple-negative for mutations in JAK2, 
CALR, and MPL (3920,3932,3933). 

Although these mutations are helpful in 

distinguishing PMF from reactive condi¬ 

tions that can result in bone marrow fibro¬ 

sis, they are not specific for PMF; muta¬ 

tions in these genes can also be found 

in essential thrombocythaemia, and 

JAK2\/6^7P can be found in polycythae¬ 

mia vera (3920). 

Microscopy 
The classic picture of overt (advanced) 

PMF includes a peripheral blood smear 

that shows leukoerythroblastosis and an- 

isopoikilocytosis (typically with teardrop¬ 

shaped red blood cells) associated with 

a hypocellular bone marrow with marked 

reticulin and/or collagen fibrosis and or¬ 

ganomegaly caused by extramedullary 
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Fig. 2.18 Primary myelofibrosis (PMF). Dynamics of the disease process, with haematological presentation and 

associated bone marrow fibrosis (MF) grading and relative survival rates. 

BM, bone marrow; LDH, lactate dehydrogenase; MMM, myelofibrosis with myeloid metaplasia. 
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Fig. 2.19 Primary myelofibrosis (PMF). A Bone marrow biopsy in this prefibrotic/early-stage case shows megakaryocytic and granulocytic proliferation. Naphthol AS-D chloro- 

acetate esterase (CAE) staining identifies the granulocytic component (red reaction product); megakaryocytes show extensive clustering and condensed nuclei with conspicu¬ 

ously clumped chromatin and abnormal nuclear:cytoplasmic ratios (N:C). B Megakaryocytic abnormalities are the key finding in diagnosing PMF and in its distinction from other 

myeloproliferative and reactive disorders; in this prefibrotic/early-stage case, note the abnormalities of megakaryopoiesis, including anisocytosis, abnormal N;C ratios, abnormal 

chromatin clumping with hyperchromatic nuclei, plump lobation of some nuclei (cloud-like nuclei), and clustering. C Immunohistochemistry for CD61 highlights abnormal mega¬ 

karyocytes, including small forms. 

Fig. 2.20 Primary myelofibrosis: bone marrow fibrosis (MF) grading in silver-stained bone marrow biopsy sections. A MF-0, with no increase in reticulin. B MF-1, with a very 

loose network of reticulin fibres. C MF-2, showing a more diffuse and dense increase in reticulin fibres and some coarse collagen fibres. D MF-3, with coarse bundles of collagen 

fibres intermingled with dense reticulin, accompanied by initial osteosclerosis. 

haematopoiesis. However, the morpholog¬ 

ical and clinical findings can vary signifi¬ 

cantly at diagnosis, depending on whether 

the case is first encountered during the 

prefibrotic/early stage or the overt fibrotic 

stage {254,264,266,613,3931,3977). Be¬ 

cause the progressive accumulation of 

fibrous tissue (including reticulin and col¬ 

lagen) and the development of osteoscle¬ 

rosis parallel disease progression {3967}, 

reproducible, sequential grading of bone 

marrow fibrosis is important. A simplified, 

semiquantitative grading system (recently 

slightly modified), is presented in Ta¬ 

ble 2.09 {2148,3975}, For cases present¬ 

ing with higher fibre grades (2 and 3), and 

particularly for clinical studies, an addition¬ 

al trichrome stain is recommended, to es¬ 

tablish the grade of collagen (Table 2.10) 

{2148}. In this context, a corresponding 

grading system for osteosclerosis may 

also be useful (Table 2.11) {2148}. 

Prefibrotic/early primary myelofibrosis 
No registry-based prevalence or inci¬ 

dence data are available for this prodro¬ 

mal stage of PMF, but series from refer¬ 

ence centres show that 30-50% of PMF 

cases are first detected in the prefibrotic/ 

early stage {263,496,3963,3965}, with no 

significant increase in reticulin and/or col¬ 

lagen fibres (i.e. fibrosis grades 0 and 1) 

{2148,3975}. In these cases, the bone 

marrow biopsy usually shows hypercel- 
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lularity, with an increase in the number 

of neutrophils and atypical megakaryo¬ 

cytes. There may be a minor left shift 

in granulopoiesis, but metamyelocytes, 

bands, and segmented neutrophils usu¬ 

ally predominate. Myeloblasts are not in- 

oreased in peroentage, and conspicuous 

clusters of blasts are not observed; how¬ 

ever, the number of randomly distributed 

CD34-r progenitors is slightly increased 

(3965,3971). In most cases, erythropoie- 

sis is reduced but the erythrocytes show 

no dysplastic features (3963,3965). The 

megakaryocytes are markedly abnor¬ 

mal, and their morphological atypia and 

topographical distribution within the bone 

marrow are critieal for the recognition of 

pre-PMF. The megakaryocytes often form 

dense clusters, which are frequently adja¬ 

cent to the bone marrow vascular sinuses 

and bone trabeeulae (496,2147,2152, 

3965,3969,3978). Most megakaryooytes 

are enlarged, but small megakaryooytes 

may also be seen; their detection is fa- 

oilitated by immunohistoohemistry with 

antibodies reaotive with megakaryo- 

cytic antigens (3962,3965). Deviations 

from the normal N:C ratio (an indioation 

of defective maturation), abnormal pat¬ 

terns of ohromatin clumping (includ¬ 

ing hyperchromatic forms and bulbous, 

cloud-like, or balloon-shaped nuclei), 

and the frequent occurrence of bare (na¬ 

ked) megakaryocytic nuclei are typical 

findings. Overall, in pre-PMF, the mega¬ 

karyocytes are more atypioal than in any 

other type of MPN (Table 2.04, p.42, and 

Table 2.08). Vascular proliferation is only 

mildly inoreased in the bone marrow, with 

no gross abnormalities of vessel shape 

(2149). Lymphoid nodules are found in as 

many as 20% of oases (3962,3965). 

Careful morphological examination of the 

bone marrow is particularly crucial for 

distinguishing pre-PMF with accompany¬ 

ing thrombocytosis from essential throm- 

bocythaemia, as has been demonstrated 

by a number of groups (254,1227,1361, 
1366,1379,1380,2105,2147,2433,3962, 

3966,3977). No single morphological 

feature is pathognomonic of a specific 

subtype, but the identification of charac¬ 

teristic morphological patterns is key for 

the differential diagnosis between pre- 

PMF and essential thrombocythaemia 

(Table 2.04, p.42, and Table 2.08). Most 

cases of pre-PMF eventually transform 

into overt fibrotic/sclerotic myelofibrosis 

associated with extramedullary haemat- 

opoiesis (494,2105,2152,3965,3980). 

Table 2.08 Morphological features helpful in distinguishing essential thrombocythaemia (ET) 

from prefibrotic/early primary myelofibrosis (pre-PMF)^ 

Morphological feature ET Pre-PMF 

Cellularity (age-adjusted) Normal Increased 

Myeloid-to-erythroid ratio Normal Increased 

Dense megakaryocyte clusters Rare Frequent 

Megakaryocyte size Large/giant Variable 

Megakaryocyte nuclear lobulation Hyperlobulated Bulbous/hypolobulated 

Reticulin fibrosis, grade F Very rare More frequent 

^ On the basis of a representative, artifact-free bone marrow biopsy (>1.5 cm) taken at a right angle (90°) 

from the cortical bone. 

^ According to WHO grading {3975}: see Table 2.09. 

Table 2.09 Semiquantitative bone marrow fibrosis (MF) grading system proposed by Thiele J et al. (3975), 

with minor modifications concerning collagen and osteosclerosis^ 

Grade Definition 

MF-0 Scattered linear reticulin with no intersections (cross-overs), corresponding to normal bone marrow 

MF-1 Loose network of reticulin with many intersections, especially in perivascular areas 

MF-2 Diffuse and dense increase in reticulin with extensive intersections, occasionally with focal bundles 

of thick fibres mostly consistent with collagen and/or associated with focal osteosclerosis'^ 

MF-3 Diffuse and dense increase in reticulin with extensive intersections and coarse bundles of thick 

fibres consistent with collagen, usually associated with osteosclerosis'’ 

® Fibre density should be assessed only in haematopoietic areas; if the pattern is heterogeneous, 

the final grade is determined by the highest grade present in > 30% of the marrow area. 

In grades MF-2 and MF-3, an additional trichrome stain is recommended (Table 2.10). 

Table 2.10 Semiquantitative grading of collagen^ 

Grade Definition 

0 Perivascular collagen only (normal) 

1 Focal paratrabecular or central collagen deposition with no connecting meshwork 

2 Paratrabecular or central deposition of collagen with focally connecting meshwork or 

generalized paratrabecular apposition of collagen 

3 Diffuse (complete) connecting meshwork of collagen in > 30% of marrow spaces 

® If the pattern is heterogeneous, the final grade is determined by the highest grade 

present in >30% of the marrow area. 

Table 2.11 Semiquantitative grading of osteosclerosis^'*’ 

Grade Definition 

0 Regular bone trabeculae (distinct paratrabecular borders) 

1 Focal budding, hooks, spikes, or paratrabecular apposition of new bone 

2 Diffuse paratrabecular formation of new bone with thickening of trabeculae, 

occasionally with focal interconnections 

3 Extensive interconnecting meshwork of new bone with overall effacement of marrow spaces 

^ If the pattern is heterogeneous, the final grade is determined by the highest grade 

present in >30% of the marrow area. 

*’ Bone marrow core biopsy of sufficient length, taken at a right angle (90°) from the cortical bone, 

without fragmentation, is mandatory for the grading of osteosclerosis. 
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Fig. 2.21 Primary myelofibrosis, overt fibrotic stage, with extramedullary haematopoiesis in the liver. Ain the liver, the sinusoids are prominently involved by trilineage proliferation, 
B Abnormal megakaryocytes are the hallmark of abnormal intrasinusoidal haematopoiesis. 

Fig. 2.22 Primary myelofibrosis (PMF), overt fibrotic stage. A Bone marrow biopsy specimen showing hypocellularity, markedly dilated sinuses, and severe marrow fibrosis with 
osteosclerosis, findings typical of advanced-stage PMF. B PMF with osteomyelosclerosis characterized by broad, irregular bone trabeculae, which can occupy as much as 50% 
of the marrow space; fibrosis, cellular depletion, sinusoidal dilatation, and megakaryocytic proliferation are prominent in the intertrabecular areas. 

! 

Overt primary myelofibrosis 
Most cases of PMF are initially diagnosed 
in the overt fibrotic stage {264,613,3916). 
In this stage, the bone marrow biopsy 
shows clear-cut reticulin or collagen fi¬ 
brosis (i.e. fibrosis grades 2 and 3) (2148, 
3975), often associated with various de¬ 
grees of collagen fibrosis and osteo¬ 
sclerosis (see Table 2.10 and Table 2.11, 
p,47). The bone marrow may still be lo¬ 
cally hypercellular, but is more often nor- 
mocellular or hypocellular, with patches 
of active haematopoiesis alternating with 
hypocellular regions of loose connective 
tissue and/or fat. Foci of immature cells 
may be more prominent, although my¬ 
eloblasts account for <10% of the bone 
marrow cells (3965). Atypical mega¬ 
karyocytes are often the most conspicu¬ 
ous finding; they occur in large clusters 
or sheets, often within dilated vascular 
sinuses (494,3965). In some cases, the 
bone marrow Is almost devoid of hae¬ 

matopoietic cells, showing mainly dense 
reticulin or collagen fibrosis, with small Is¬ 
lands of haematopoietic precursors situ¬ 
ated mostly within the vascular sinuses. 
Associated with the development of my¬ 
elofibrosis is a significant proliferation of 
vessels showing marked tortuosity and 
luminal distension, often also associated 
with conspicuous intrasinusoidal haema¬ 
topoiesis (438,2149,2642,2863). Osteoid 
seams or appositional new bone forma¬ 
tion in bud-like endophytic plaques may 
be observed (3965), In this osteosclerotic 
phase, the bone may form broad, irregu¬ 
lar trabeculae that can occupy >50% of 
the bone marrow space. 
The development of overt fibrosis in PMF 
is related to disease progression (494, 
3979,3980), and is not significantly in¬ 
fluenced by standard cytoreductive 
treatment modalities (with the exception 
of allogeneic stem cell transplantation 
(2125,2864,3974)). Flowever, it has been 

reported that interferon (744,32 04) and 
JAK1/JAK2 inhibitor {1563A,1798,1800, | 
1833,2543A,4316) therapy may delay or | 
even reverse bone marrow fibrosis pro- |i 
gression across all aspects of the fibrotic \ 
process (i.e. reticulin fibrosis, collagen 1 
deposition, and osteosclerosis). : 
The development of monocytosis In PMF ; 
may indicate disease progression (404). ) 
In patients with a previously established j 
diagnosis of PMF, the finding of 10-19% 
blasts In the peripheral blood and/or bone 
marrow and the detection by immunohis- ; 
tochemistry of an increased number of ; 
CD344- cells with cluster formation and/ | 
or an abnormal endosteal location in the i 
bone marrow (3965,3971) indicate an ac- i 
celerated phase of the disease, whereas ; 
the finding of >20% blasts is diagnostic : 
of blast transformation. Patients with PMF i 
may rarely present Initially in the acceler- ; 
ated phase or blast phase. ; 
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Fig.2.23 Primary myelofibrosis (PMF), overt fibrotic stage. A Peripheral blood smear showing dacryocytes, 

occasional nucleated red blood cells, and immature granulocytes (leukoerythroblastosis). B Dilated sinus containing 

immature haematopoietic elements, most notably megakaryocytes, as demonstrated by periodic acid-Schiff 

(PAS) staining. This intrasinusoidal haematopoiesis together with vascular proliferation is characteristic (but not 

diagnostic) of PMF with myeloid metaplasia. C Megakaryocytes are often the most conspicuous haematopoietic 

element in the marrow; the cells often appear to stream through the marrow, due to the underlying fibrosis. 

D Silver staining highlights the marked reticulin and collagen fibrosis associated with a stream-like arrangement of 

megakaryocytes and initial osteosclerosis. 

Extramedullary haematopoiesis 
The most common site of extramedul¬ 

lary haematopoiesis is the spleen, fol¬ 

lowed by the liver. The spleen shows an 

expansion of the red pulp by erythroid, 

granulocytic, and megakaryocytic cells 

{3232), The identification of these cells 

can be facilitated by immunohistochem- 

istry {2918,3959), which also facilitates 

the identification of neoangiogenesis 

{267). Megakaryocytes are often the 

most conspicuous component of the 

extramedullary haematopoiesis. Occa¬ 

sionally, large aggregates of megakaryo¬ 

cytes growing cohesively can produce 

macroscopically evident tumoural le¬ 

sions, In the presence of nodular lesions 

and in any advanced-stage disease with 

large amounts of extramedullary haema¬ 

topoiesis in general, the possibility of a 

myeloid sarcoma should be considered 

and carefully excluded through immu- 

nohistochemical studies with CD34 and 

KIT (CD117) {3970,4255). The red pulp 

cords may exhibit fibrosis and pooling 

of platelets. Hepatic sinuses also show 

prominent extramedullary haematopoie¬ 

sis, and cirrhosis of the liver may occur 

{3916), 

Cell of origin 
The postulated cell of origin Is a haemato¬ 

poietic stem cell. 

Genetic profile 
No genetic defect specific for PMF has 

been identified. Approximately 50-60% 

of WHO-defined PMF cases carry 

JAK2 \/6^7F or a functionally similar mu¬ 

tation, about 30% of cases have a muta¬ 

tion in CALR and 8% in MPL, and about 

12% of cases are triple-negative for these 

mutations {3915,3920,3933). A subset of 

triple-negative cases have been found 

to have gain-of-function mutations (e.g. 

MPL S204P and MPL Y591N) through 

whole-exome sequencing or other sen¬ 

sitive molecular techniques {2666). This 

finding is consistent with the assump¬ 

tion that JAK2/CALR/MPL-w\\6-\.ype PMF 

is not a homogeneous entity and that 

cases with polyclonal haematopoiesis 

probably constitute a hereditary disor¬ 

der {2666). Although the presence of 

the JAK2 mutation confirms the clonal- 

ity of the proliferation, the mutation is 

also found in polycythaemia vera and 

essential thrombocythaemia, and there¬ 

fore does not distinguish PMF from these 

MPNs {3920,3933). CALR mutation has 

been reported to have a favourable im¬ 

pact on survival {3920,3924,3934), in 

contrast to the negative prognostic value 

of the triple-negative mutation status (i.e. 

JAK2, CALR, and MPL wild-type) {3920, 

3924) and other, less frequent mutations 

{1486,3921,4149). Mutations similar to 

those described in MPNs {3915} have 

also been found at very low frequencies 

in elderly patients with no haematologi- 

cal malignancy {1326,1830,4386), Very 

rarely, cases of PMF acquire a BCR- 
ABL1 rearrangement; however, the clini¬ 

cal significance of this is uncertain. Due 

to this additional phenotypic mutation, a 

morphological and haematological shift 

capable of producing a chronic mye¬ 

loid leukaemia-like evolution may occur 

{1740). Cytogenetic abnormalities occur 

in as many as 30% of cases {3920). There 

is no Philadelphia (Ph) chromosome or 

BCR-ABL1 fusion gene. The presence of 

either del(13)(q12-22) or der(6)t(1;6)(q21- 

23;p21.3) is strongly suggestive (but not 

diagnostic) of PMF {996). The most com¬ 

mon recurrent abnormalities are del(20q) 

and partial trisomy 1q; gains of chromo¬ 

somes 9 and/or 8 have also been report¬ 

ed {3336,3926). Deletions affecting the 

long arms of chromosomes 7 and 5 oc¬ 

cur as well, but may be associated with 

prior cytotoxic therapy used to treat the 

myeloproliferative process. 

Prognosis and predictive factors 
The time of survival with PMF ranges 

from months to decades. Overall prog¬ 

nosis depends on the stage at which the 

neoplasm is initially diagnosed {2150, 

3965) and the corresponding risk status, 

which can be determined using several 

prognostic scoring systems {616,1290, 

3086,3923). The median overall survival 

time for patients diagnosed in the overt 

fibrotic stage (myelofibrosis with myeloid 

metaplasia) is approximately 3-7 years 

{264,613,3914), whereas diagnosis in 

the prefibrotic/early stage is associated 

with 10-year and 15-year relative survival 

rates of 72% and 59%, respectively {254, 

2150,3965,3967,4173). The widely used 

refined Dynamic International Prognostic 

Scoring System (DIPSS Plus) includes 

eight predictors of inferior survival: patient 

age >65 years, haemoglobin concentra¬ 

tion <10g/dL, leukocytes >25x10®/L, 

circulating blasts >1%, constitutional 

symptoms, red blood cell transfusion de¬ 

pendency, platelet count <100x 10®/L, 

and unfavourable karyotype (i.e. a com¬ 

plex karyotype or 1-2 of the following 
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abnormalities: gain of chromosome 8, 

loss of chromosome 7/7q, isochro¬ 

mosome 17q, inv(3), loss of chromo¬ 

some 5/5q or 12p, or 11q23 rearrange¬ 

ment). Risk status is defined by the 

number of adverse prognostic factors 

present: 0 (low risk), 1 (intermediate-1 

risk), 2 or 3 (intermediate-2 risk), or >4 

(high risk), with respective median sur¬ 

vival times of approximately 15.4, 6.5, 

2.9, and 1.3 years (1290,3916). High-risk 

disease is also defined by a CALR-neg- 
ative and ASXL1-positive mutation status 

(1486,3920,3921,3924). In the context of 

these risk models, the prognostic value 

of bone marrow fibrosis reflecting the 

stage of disease (pre-PMF vs overt PMF) 

is emphasized (2150,3923.3967,4173), 

The findings of a study investigating the 

relationship between DIPSS score (3086) 

and marrow fibrosis grading (3975) in 

patients with PMF suggested that better 

prognostication could be achieved by 

considering morphological parameters 

in addition to clinical and mutation data 

(1365). Major causes of morbidity and 

mortality are bone marrow failure (infec¬ 

tion, haemorrhage), thromboembolic 

events, portal hypertension, cardiac fail¬ 

ure, and blast-phase disease (i.e. sec¬ 

ondary acute myeloid leukaemia). The 

reported frequency of the blast phase 

is 5-30% (264,613,3914,3916,3920), 

Although some blast-phase cases are 

related to prior cytotoxic therapy, many 

have been reported in patients who have 

never been treated, confirming that blast 

transformation is part of the natural his¬ 

tory of PMF, 

Thiele J. Tefferi A. 

Kvasnicka H.M. Gisslinger H, 

Orazi A. Barbui T. 

Gianelli U. 

Essential thrombocythaemia 

Table 2.12 Diagnostic criteria for essential thrombocythaemia 

The diagnosis of essential thrombocythaemia requires that either all major criteria or the first 3 major criteria 
plus the minor criterion are met. 

Major criteria 

1. Platelet count >450 X 10®/L 

2. Bone marrow biopsy showing proliferation mainly of the megakaryocytic lineage, 

with increased numbers of enlarged, mature megakaryocytes with hyperlobulated nuciei; 
no significant increase or left shift in neutrophil granulopoiesis or erythropoiesis; 
very rarely a minor (grade P) increase in reticuiin fibres 

3. WHO criteria for SCR-ZtSLI-positive chronic myeloid leukaemia, polycythaemia vera, 
primary myelofibrosis, or other myeloid neoplasms are not met 

4. JAK2, CALR, or MPL mutation 

Minor criterion 

Presence of a clonal marker or 

Absence of evidence of reactive thrombocytosis 

" See Table 2.09 (p.47). 

Definition 
Essential thrombocythaemia (ET) is a 

chronic myeloproliferative neoplasm 
(MPN) that primarily involves the mega¬ 

karyocytic lineage. It is characterized by 

sustained thrombocytosis (platelet count 

>450 X 10®/L) in the peripheral blood 

and increased numbers of large, mature 

megakaryocytes in the bone marrow and 

clinically by the occurrence of thrombo¬ 

sis and/or haemorrhage. Because there 

is no known genetic or biological marker 

specific for ET, other causes of thrombo¬ 

cytosis must be excluded, including other 

MPNs, inflammatory and infectious disor¬ 

ders, haemorrhage, and other types of 

haematopoietic and non-haematopoietic 

neoplasms. The presence of BCR-ABL1 
gene fusion excludes the diagnosis of ET. 

The diagnostic criteria for ET are listed in 
Table 2.12. 

ICD-0 code 9962/3 

Synonyms 
Idiopathic thrombocythaemia/ 

thrombocytosis; essential haemorrhagic 

thrombocythaemia; idiopathic haemor¬ 

rhagic thrombocythaemia; idiopathic 

thrombocythaemia 

Epidemiology 
The true overall incidence of ET is un¬ 

known, but the annual incidence in Eu¬ 

rope and the USA of cases diagnosed per 

the guidelines of the Polycythemia Vera 

Study Group (PVSG) (2791) is estimated 

to be 0,2-2.3 cases per 100 000 popu¬ 

lation (2613,2764,4010). Most cases oc¬ 

cur in patients aged 50-60 years, and 

a slight female predilection was found 

in a series of strictly WHO-defined cas¬ 

es (254,3933,3977). There is a second 

peak in incidence among patients (in 

particular women) aged about 30 years 

(1217,1563). ET also occurs (infrequently) 

in children, in whom it must be distin¬ 

guished from rare cases of hereditary 

thrombocytosis (1375,3302), 

Etiology 
In most patients, the etiology of ET is un¬ 

known. However, germline mutations in 
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Fig. 2.24 Essential thrombocythaemia. A Peripheral blood smear. The major abnormality seen Is marked thrombocytosis; the platelets show anisocytosis, but are often not 

remarkably atypical. B Bone marrow aspirate smear showing increased number and size of the megakaryocytes. C Bone marrow aspirate smear. Note the deeply lobulated 

megakaryocyte nuclei, as well as the large pools of platelets; aspirate smears fail to reveal the overall marrow architecture and distribution of the megakaryocytes, which can only 
be seen on biopsy. 

JAK2 ar\6 mutations of the gelsolin gene 

{GSN) were recently reported in several 

pedigrees of hereditary thrombocytosis 

{1677,3457}. 

Localization 
The bone marrow and blood are the prin¬ 

cipal sites of involvement. The spleen 

does not show significant extramedullary 

haematopoiesis at the time of onset, but 

is a sequestration site for platelets {1217, 

1563). 

Ciinicai features 
More than half of ail cases are asymp¬ 

tomatic at the time of diagnosis, dis¬ 

covered incidentally when an elevated 

platelet count is found on a routine pe¬ 

ripheral blood count {254,1217,1378, 

1563}. The other half present with some 

manifestation of vascular occlusion or 

haemorrhage {566,1096,1215,3088, 

3933}. Microvascular occlusion can lead 

to transient ischaemic attacks, digital 

ischaemia with paraesthesias, and gan¬ 

grene {566,3088}. Thrombosis of major 

arteries and veins can also occur, and 

ET can be a cause of splenic or hepatic 

vein thrombosis as seen in Budd-Chiari 

syndrome {1022,2012,3703}, Bleeding 

occurs most commonly from mucosal 

surfaces, such as in the gastrointestinal 

tract and upper airway passages {1096, 

1215,1378). In PVSG-defined ET, mild 

splenomegaly is present in approximate¬ 

ly 50% of cases at diagnosis and hepa¬ 

tomegaly in 15-20% {1563,2791,3927}. 

When the WHO criteria, which exclude 

cases with thrombocytosis associated 

with prefibrotic/early primary myelofibro¬ 

sis (pre-PMF), are used, minor palpable 

splenomegaly is seen in only 15-20% of 

ET cases {254,3917,3933,3977}. In three 

studies including almost 1500 WHO-de- 

fined cases of ET from various centres, 

leukocytosis and erythrocytosis were 

unusual findings, as was an increased 

serum level of lactate dehydrogenase; 

leukoerythroblastosis and poikilocytosis 

were absent {254,3933,3977}. 

Previously, the platelet count threshold 

for the diagnosis of ET was >600 x 10®/L 

{2791}. However, given that some patients 

experience haemorrhagic or thrombotic 

events at lower platelet counts {2265, 

3331,3469}, several investigators have 

convincingly argued for a lower platelet 

count threshold for the diagnosis of ET, in 

order to avoid compromising the diagno¬ 

sis in such cases. As a result, WHO has 

adopted the recommendation of a plate¬ 

let count threshold of >450 x 10®/L, a 

value that exceeds the 95th percentile for 

normal platelet counts (adjusted for sex 

and race) {2265,3452,3469,3931}. This 

threshold value has also been adopted 

by the British Committee for Standards 

in Haematology (BOSH) {1562}, Although 

this lowered threshold will encompass 

more cases of ET, it will also include 

more cases of conditions that mimic 

ET {257,1380}; therefore, it is essential 

that all diagnostic criteria for ET (see 

Table 2.12) are met in order to exclude oth¬ 

er neoplastic and non-neoplastic causes 

of thrombocytosis {1380,3931,3932}. 

Bone marrow biopsy is particularly help¬ 

ful in excluding other myeloid neoplasms 

associated with high platelet counts, 

such as myelodysplastic syndromes as¬ 

sociated with isolated del(5q), myelodys- 

Fig. 2.25 Essential thrombocythaemia, bone marrow biopsy. A Normocellular bone marrow with an increased number 

of large to giant megakaryocytes. B There is no significant increase in erythropoiesis or granulopoiesis, as demonstrated 

by naphthol AS-D chloroacetate esterase (CAE) staining: granulocytic cells are stained red by the reaction product. 

C With periodic acid-Schiff (PAS) staining, the enlarged megakaryocytes demonstrate abundant amounts of mature 

cytoplasm and deeply lobulated and hyperlobulated (staghorn-like) nuclei. D The large to giant megakaryocytes may 

be arranged in small, loose clusters. 
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plastic/myeloproliferative neoplasm with 

ring sideroblasts and thrombocytosis, 

and in particuiar pre-PMF. Although most 

WHO-defined ET cases harbour a phe¬ 

notypic driver mutation in JAK2 (present 

in 50-60% of cases), CALR{\n -30%), or 

MPL (in -3%), about 12% of cases are 

tripie-negative for these mutations. None 

of these mutations is specific for ET, but 

their presence does exciude reactive 

thrombocytosis (3920,3933}. Similarly, in 

vitro endogenous erythroid and/or mega- 

karyocytic colony formation, although not 

specific for ET, also excludes reactive 

thrombocytosis (1011). 

Microscopy 
The major abnormality seen in the pe¬ 

ripheral blood is marked thrombocytosis. 

The platelets often display anisocytosis, 

ranging from tiny forms to atypical large 

or giant platelets. Bizarre shapes, pseu¬ 

dopods, and agranular platelets may 

be seen, but are not common. In WHO- 

defined ET, the white blood cell count 

and leukocyte differential count are usu¬ 

ally normal, although a borderline eleva¬ 

tion in the white blood cell count may oc¬ 

cur (254,1378,3920,3933,3977). The red 

blood cells are usually normocytic and 

normochromic, unless recurrent haem¬ 

orrhage has caused iron deficiency, in 

which case they may be microcytic and 

hypochromic. Leukoerythroblastosis and 

teardrop-shaped red blood cells are not 

seen in ET (254,3977). 

Haematopoietic cellularity is normal in 

most cases (3975), but a small propor¬ 

tion of cases show a hypercellular mar¬ 

row (Table 2.04, p,42) (3969,3972). The 

most striking abnormality is a marked 

proliferation of megakaryocytes, with a 

predominance of large to giant forms 

displaying abundant, mature cytoplasm 

and deeply lobed and hypersegmented 

(staghorn-like) nuclei. The megakaryo¬ 

cytes are typically dispersed throughout 

the bone marrow, but may occur in loose 

clusters. Unlike in pre-PME and overt 

primary myelofibrosis, bizarre, highly 

atypical megakaryocytes or large dense 

clusters are very rarely found in ET; if they 

are present, the diagnosis of ET should 

be reconsidered (1227,1366,3961,3966, 

3977). Proliferation of erythroid precur¬ 

sors is seen in some cases (most com¬ 

monly when the patient has experienced 

recurrent major haemorrhages or has 

been pretreated with hydroxycarbamide), 

but granulocytic proliferation is highly 

unusual; if present, the increase in granu¬ 

lopoiesis is usually only slight. There is no 

increase in myeloblasts and no myelod¬ 

ysplasia. The network of reticulin fibres is 

usually normal, or is very rarely (in <5% 

of cases) minimally increased (but never 

to more than WHO grade 1 (3975)) (254, 

2105,3981); infrequently, reticulin fibrosis 

may increase in sequential bone marrow 

biopsy examinations (2105,3981). The 

finding of significant reticulin fibrosis or 

any collagen fibrosis at presentation ex¬ 

cludes the diagnosis of ET (1227,1329, 

1366,2105,3933,3966,3969). Bone mar¬ 

row aspirate smears also reveal markedly 

increased numbers of large megakaryo¬ 

cytes with hyperiobulated nuclei, as well 

as large sheets of platelets in the back¬ 

ground. Emperipolesis of bone marrow 

elements is frequently observed in ET, 

but is not a specific finding. Stainable iron 

may be present in aspirated bone marrow 

specimens at diagnosis (2791). 

The morphological findings, i.e. the char¬ 

acteristic histological patterns in the 

bone marrow biopsy (Table 2.04, p.42), 

are essential for distinguishing ET from 

other MPNs (1380) and myeloid disor¬ 

ders or reactive conditions that present 

with sustained thrombocytosis. The find¬ 

ing of even a low degree of combined 

granulocytic and erythroid proliferation 

should raise suspicion of the prodromal 

stage of poiycythaemia vera (1364,2152, 

3972), and the finding of granulocytic 

proliferation associated with bizarre, 

highly atypical megakaryocytes should 

raise suspicion of pre-PME (1227,1366, 

2147,3962,3984). Significant dyserythro- 

poiesis or dysgranuiopoiesis suggests a 

diagnosis of myelodysplastic syndrome 

rather than ET. The large megakaryo¬ 

cytes with hypersegmented nuclei seen 

in ET contrast with the medium-sized 

non-lobated megakaryocytes seen in 

myelodysplastic syndrome with isolated 

del(5q) and with the small, dysplastic 

megakaryocytes seen in acute myeloid 

leukaemia or myelodysplastic syndrome 

with inv(3)(q21q26.2) or t(3;3)(q21 ;q26.2). 

Some cases of chronic myeloid leukae¬ 

mia initially present with thrombocytosis 

without leukocytosis, and can mimic ET 

clinically. The large megakaryocytes of 

ET can be easily distinguished from the 

small (dwarf) megakaryocytes of chronic 

myeloid leukaemia, but cytogenetic and/ 

or molecular genetic analysis to exclude 

BCR-ABL1 fusion is recommended for all 

patients in whom the diagnosis of ET is 

considered (3350). 

Cell of origin 
The postulated ceil of origin is a haemato¬ 

poietic stem cell. 
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Genetic profile 
No molecular genetic or cytogenetic 

abnormality specific for ET is known. Ap¬ 

proximately 50-60% of WHO-defined 

ET cases carry JAK2 V617F or a func¬ 

tionally similar mutation, about 30% of 

cases have a mutation in CALR and 3% 

MPL, and about 12 % of cases are triple¬ 

negative for these mutations {3915,3920, 

3933,3935}. A subset of triple-negative 

cases have been found to have gain- 

of-function mutations (e.g. MPL S204P 

and MPL Y591N) through whole-exome 

sequencing or other sensitive molecu¬ 

lar techniques (517,2666). This finding 

is consistent with the assumptions that 

JAK2ICALP/MPL-\N\\6tYpe ET is not a 

homogeneous entity and that cases 

with polyclonal haematopoiesis prob¬ 

ably constitute a hereditary disorder 

(2666). These mutations are not specific 

for ET; they are found in polycythaemia 

vera and primary myelofibrosis as well. 

But none of these mutations have been 

reported in cases of reactive thrombo¬ 

cytosis {3920,3933}. Mutations similar 

to those described in MPNs {3915} have 

also been found at very low frequencies 

in elderly patients with no haematologi- 

cal malignancy {1326,1830,4386}. Very 

rarely, cases of ET acquire a BCP-ABL1 
rearrangement; however, the clinical sig¬ 

nificance of this is uncertain. Due to this 

additional phenotypic mutation, a mor¬ 

phological and haematological shift ca¬ 

pable of producing a chronic myeloid leu¬ 

kaemia-like evolution may occur {1740}. 

An abnormal karyotype is found in only 

5-10% of ET cases diagnosed according 

to the previous PVSG criteria {2791} and 

in 7.7% of WHO-defined cases {3920}. 

There is no consistent abnormality, but 

reported abnormalities include gain of 

chromosome 8, abnormalities 9q, and 

del(20q) {1641,3045}. Isolated instances 

of del(5q) have also been reported in ET, 

and careful morphological examination is 

needed to distinguish such cases from 

myelodysplastic syndromes associated 

with this abnormality {3045}. 

Prognosis and predictive factors 
ET is an indolent disorder characterized 

by long symptom-free intervals interrupt¬ 

ed by occasional life-threatening throm¬ 

boembolic or haemorrhagic events {566, 

1096,1215,1217,1378,1563,2791,3088, 

3927}. After many years, a few patients 

with ET develop bone marrow fibrosis of 

grade 2-3 on a 0-3 scale {2148,3975} 

Table 2.13 Diagnostic criteria for post-essential thrombocythaemia (ET) myelofibrosis {265} 

Required criteria 

1. Documentation of a previous diagnosis of WHO-defined ET 

2. Bone marrow fibrosis of grade 2-3 on a 

0-3 scale {3975} or grade 3-4 on a 

0-4 scale {2146} 

Additional criteria (2 are required) 

1. Anaemia (i.e. below the reference range given age, sex, and altitude considerations) and a 

> 2 g/dL decrease from baseline haemoglobin concentration 

2. Leukoerythroblastosis 

3. Increasing splenomegaly, defined as either an increase in palpable splenomegaly of 

> 5 cm from baseline (distance from the left costal margin) or the development 

of a newly palpable splenomegaly 

4. Elevated lactate dehydrogenase level (above the reference range) 

5. Development of any 2 (or all 3) of the following constitutional symptoms: 

>10% weight loss in 6 months, night sweats, unexplained fever (>37.5 °C) 

Reprinted by permission from Macmillan Publishers Ltd; Leukemia. Barosi G, Mesa RA, Thiele J, Cervantes 

F, Campbell PJ, Verstovsek S, et al. Proposed criteria for the diagnosis of post-polycythemia vera and post¬ 

essential thrombocythemia myelofibrosis: a consensus statement from the International Working Group for 

Myelofibrosis Research and Treatment. Leukemia. 2008;22:437-8. Copyright 2008. 

or grade 3-4 on a 0-4 scale {2146}, as¬ 

sociated with myeloid metaplasia (ex¬ 

tramedullary haematopoiesis), but such 

progression is uncommon {254,612,717, 

1217,1377,1378,1380,3511,3927}, occur¬ 

ring in only about 10% of cases in large, 

strictly WHO-defined cohorts {3920}, The 

diagnostic criteria for post-ET myelofibro¬ 

sis are listed in Table 2,13, Strict adher¬ 

ence to these and other WHO criteria 

{265,3931,3932} is necessary to avoid 

diagnostic confusion associated with 

pre-PMF accompanied by thrombocy¬ 

tosis {263,1380}. Clear-cut differentiation 

of ET from pre-PMF is crucial, because 

these entities differ significantly in terms 

of complications and survival {11,254, 

1086,1380,2150,3961,3977}. In large se¬ 

ries of WHO-defined cases, the relative 

incidence rates of post-ET myelofibrosis 

were found to be approximately half the 

rates of post-polycythaemia vera my¬ 

elofibrosis (254,3920). Transformation of 

ET to the blast phase (i.e. acute myeloid 

leukaemia) or myelodysplastic syndrome 

occurs in <5% of cases, and is likely re¬ 

lated to previous cytotoxic therapy (1217, 

1563); the risk of transformation is lower 

among strictly WHO-defined cases (254, 

1378,3920). Median survival times of 

10-15 years are commonly reported. Be¬ 

cause ET usually occurs late in middle 

age, life expectancy is near normal for 

many patients (254,717,1377,2150,3090, 

4348). However, most clinical studies 

are based on older diagnostic guidelines 

(2791), which fail to differentiate clearly 

between pre-PMF with accompanying 

thrombocytosis and ET according to the 

current WHO classification {263}, A sub¬ 

stantial difference in overall prognosis 

has been reported depending on which 

classification system is applied {2150}, 

For patients with strictly WHO-defined 

ET, the observed and relative survival 

was similar to that of the general Euro¬ 

pean population (254,2150), and trans¬ 

formation to overt myelofibrosis and the 

blast phase appeared to be relatively 

rare {254,3933}. In contrast, the survival 

of patients with WHO-defined ET was 

found to be inferior to that of a sex- and 

age-matched United States population at 

one centre (3920), whereas the observed 

rates of fibrotic and blast transformation 

were comparable with those found in a 

previous Italian study {254}. The rates of 

conversion of ET to overt polycythaemia 

vera in mutated cases reported 

in some studies {540,3458} depend on 

the diagnostic criteria applied; when the 

WHO criteria are used, the incidence of 

transformation appears to be <5% {250}. 
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Chronic eosinophilic leukaemia, NOS Bain B.J. 

Horny H.-P. 

Hasserjian R.R 

Orazi A. 

Table 2.14 Diagnostic criteria for chronic eosinophilic leukaemia, NOS 

1. Eosinophilia (eosinophil count >1.5 X 10^/L) 

2. WHO criteria for BCR-ABL1-posi[ive chronic myeloid leukaemia, polycythaemia vera, 

essential thrombocythaemia, primary myelofibrosis, chronic neutrophilic leukaemia, chronic 
myelomonocytic leukaemia and SCR-/46Lf-negative atypical chronic myeloid leukaemia are not met 

3. No rearrangement of PDGFRA, PDGFRB or FGFR1, and no PCM1-JAK2, 

ETV6-JAK2, or BCR-JAK2 fusion 

4. Blast cells constitute <20% of the cells in the peripheral blood and bone marrow, and inv(16)(p13.1q22), 
t(16;16)(p13.1;q22), t(8;21)(q22;q22.1), and other diagnostic features of acute myeloid leukaemia are 

absent 

5. There is a clonal cytogenetic or molecular genetic abnormality® 

or 
Blast cells account for >2% of cells in the peripheral blood or >5% in the bone marrow 

® Because some clonal molecular genetic abnormalities (e.g, mutations in TET2, ASXL1, and DNMT3A) can 

occur in a minority of elderly people in the absence of any apparent haematological abnormality, it is essential 
to exclude all possible causes of reactive eosinophilia before making this diagnosis solely on the basis of a 

molecular genetic abnormality in an elderly person. 

Table 2.15 Diagnostic criteria for myeloproliferative neoplasm (MPN), unclassifiable. 

The diagnosis of myeloproliferative neoplasm (MPN), unclassifiable, requires that either all 3 criteria are met. 

1. Features of an MPN are present 

2. WHO criteria for any other MPN, myelodysplastic syndrome®, myelodysplastic/ 

myeloproliferative® neoplasm, or 6CR-/46Lf-positive chronic myeloid leukaemia are not met 

3. JAK2, CALR, or MPL mutation characteristically associated with MPN 

or 

Presence of another clonal marker'’ 

or 

Absence of a cause of reactive fibrosis” 

® Effects of any previous treatment, severe comorbidity, and changes during the natural progression of the 
disease process must be excluded. 

In the absence of any of the 3 major clonal mutations, a search for other mutations associated with 

myeloid neoplasms (e.g. ASXL1, EZH2, TET2, IDH1, IDH2, SRSF2, and SF3B1 mutations) may be of help 
in confirming the clonal nature of a suspected MPN, unclassifiable. 

” Bone marrow fibrosis secondary to infection, autoimmune disorder or another chronic inflammatory condition, 

hairy cell leukaemia or another lymphoid neoplasm, metastatic malignancy, or toxic (chronic) myelopathy. 

Definition 
Chronic eosinophilic leukaemia (CEL) 

not otherwise specified (NOS), is a mye¬ 

loproliferative neoplasm (MPN) in which 

an autonomous, clonal proliferation of eo¬ 

sinophil precursors results in persistently 

increased numbers of eosinophils in the 

peripheral blood, bone marrow, and pe¬ 

ripheral tissues, with eosinophilia being 

the dominant haematological abnormal¬ 

ity. Organ damage occurs as a result of 

leukaemic infiltration or of the release of 

cytokines, enzymes, or other proteins by 

the eosinophils. 

CEL, NOS excludes cases with a Phil¬ 

adelphia (Ph) chromosome; BCR-ABL1 
fusion; rearrangement of PDGFRA, 
PDGFRB. or FGFR1\ or PCM1-JAK2, 
ETV6-JAK2, or BCR-JAK2\us\on. 
in CEL, NOS the eosinophil count is 

>1.5 X 109/L in the blood, and there are 

<20% blasts in the peripheral blood and 

bone marrow. For a diagnosis of CEL, 

NOS to be made, there should be evi¬ 

dence for clonality of myeloid cells or an 

increase in myeloblasts in the peripheral 

blood or bone marrow, However, in many 

cases it is impossible to prove clonal¬ 

ity; in such cases, providing there is no 

increase in blast cells, the diagnosis of 

idiopathic hypereosinophilic syndrome 

(HES) is made. It is clinically important 

to clearly distinguish between CEL, NOS 

and idiopathic HES. Idiopathic HES is 

defined as eosinophilia (eosinophil count 

>1.5 X 109/L) persisting for >6 months 

for which no underlying cause can be 

found, associated with signs of organ 

involvement and dysfunction {759,4291}; 

there is no evidence of eosinophil clon¬ 

ality. It is a diagnosis of exclusion, and 

may include some cases of true eosino¬ 

philic leukaemia that cannot currently be 

recognized, as well as cases of cytokine- 

driven eosinophilia due to the abnormal 

release of eosinophil growth factors (e.g. 

IL2, IL3, and IL5) for unknown reasons 

{226,759,3581,3759,4291}. If there is a 

similar unexplained hypereosinophilia 

but with no evidence of tissue damage, 

the designation 'idiopathic hypereosino¬ 

philia’ is appropriate. As outlined in Table 

2.14, diagnosis of CEL, NOS requires 

integration of clinical, laboratory, and mo¬ 

lecular features. 

ICD-0 code 9964/3 

Epidemiology 
Due to the previous difficulty in distin¬ 

guishing CEL from idiopathic HES, the 

true incidence of these rare diseases is 

unknown. CEL, NOS appears to be more 

common in men, with a reported median 

age of occurrence in the seventh decade 

of life {42496,1606}. The epidemiologi¬ 

cal features of idiopathic cases of HES 

remain undefined. 

Localization 
CEL, NOS is a multisystemic disorder. 

The peripheral blood and bone marrow 

are always involved. Tissue infiltration by 

eosinophils and the release of cytokines 
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Fig. 2.27 Reactive eosinophilia in lymphoblastic leukaemia. A The elevation of the white blood cell count seen in this peripheral blood smear is due primarily to eosinophils, with 
only an occasional lymphoblast. B Lymphoblasts (arrows) are clearly appreciable in this blood smear. 

Fig.2.28 Chronic eosinophilic leukaemia, NOS. Peripheral blood smear from a patient 

with a history of persistent eosinophilia. Immature and mature eosinophils are present. 

The cytogenetic analysis showed trisomy 10. 

MTlm a 

Fig. 2.29 Idiopathic hypereosinophilic syndrome. Blood smear from a patient with 
cardiac failure, leukocytosis, and hypereosinophilia. 

and humoral factors from the eosinophil 

granules lead to tissue damage in a num¬ 

ber of organs; the heart, lungs, central 

nervous system (CNS), skin, and gastro¬ 

intestinal tract are commonly involved. 

Splenic and hepatic involvement is also 

common (1606). 

Clinical features 
Eosinophilia is sometimes detected in¬ 

cidentally in patients who are otherwise 

asymptomatic. In other cases, patients 

experience constitutional symptoms 

such as weight loss, night sweats, fever, 

fatigue, cough, angio-oedema, muscle 

pain, pruritus, and diarrhoea. The most 

serious clinical findings relate to endomy¬ 

ocardial fibrosis, with ensuing restrictive 

cardiomegaly. Scarring of the mitral and 

tricuspid valves leads to valvular regur¬ 

gitation and the formation of intracardiac 

thrombi, which can embolize to the brain 

or elsewhere. Cardiac failure can occur. 

Peripheral neuropathy, CNS dysfunction, 

pulmonary symptoms due to lung infiltra¬ 

tion, and rheumatological findings are 

frequent manifestations j1606). 

Microscopy 
In CEL, NOS the most striking feature 

in the peripheral blood is eosinophilia, 

mainly of mature eosinophils, with only 

small numbers of eosinophilic myelo¬ 

cytes and promyelocytes {2127}. There 

may be a range of eosinophil abnormali¬ 

ties, including sparse granulation (with 

clear areas of cytoplasm), cytoplasmic 

vacuolation, nuclear hypersegmentation 

or hyposegmentation, and increased 

size. Because these changes can be 

seen in both reactive and neoplastic 

eosinophilia, they are not very helpful in 

determining whether a case is likely to 

be CEL, NOS {226). Occasional patients 

with CEL, NOS have cytologically normal 

eosinophils, but the absence of eosino¬ 

phil dysplasia generally favours reactive 

eosinophilia {4249B). Significant dys¬ 

plasia in cells of other myeloid lineages 

supports the diagnosis of CEL, NOS 

{4249B1. Neutrophilia often accompanies 

the eosinophilia, and some cases show 

mild monocytosis, but do not meet all 

the criteria for chronic myelomonocytic 

leukaemia. Mild basophilia has been re¬ 

ported. Blast cells may be present but 

account for <20% of the cells. 

The bone marrow is hypercellular, due 

in part to eosinophilic proliferation {481, 

1606,2127). In most cases, eosinophil 

maturation is orderly (i.e. without a dis¬ 

proportionate increase in myeloblasts). 

Charcot-Leyden crystals are often pres¬ 

ent. Erythropoiesis and megakaryocy- 

topoiesis are usually normal. Increased 

proportions of myeloblasts (>2% in pe¬ 

ripheral blood or 5-19% in bone marrow) 

support the diagnosis of CEL, NOS, as 

do dysplastic features in other cell line¬ 

ages {4249B). Marrow fibrosis is seen in 

about one third of cases, although severe 

fibrosis is rare {481,42496). 

Any tissue can show eosinophilic infiltra¬ 

tion, and Charcot-Leyden crystals are of¬ 

ten present. Fibrosis is common, caused 
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by the degranulation of the eosinophils 

and the resulting release of eosinophil 

basic proteins and eosinophil cationic 

proteins. 

Cytochemistry 
Cytochemical stains can be used to 

identify eosinophils but are not neces¬ 

sary for diagnosis. Partial degranulation 

can lead to eosinophils having reduced 

peroxidase content and can render auto¬ 

mated leukocyte counts unreliable. 

Differential diagnosis 
Diagnosis requires positive evidence 

of the leukaemic nature of the condition 

and exclusion of myeloid neoplasms with 

rearrangement of PDGFRA, PDGFRB or 

FGFR1, or with PCM1-JAK2, ETV6-JAK2, 
or SCR-J/AK^fusion. The diagnostic pro¬ 

cess often starts with exclusion of reactive 

eosinophilia. A detailed history, physical 

examination, blood count and examina¬ 

tion of the blood smear are essential. 

Conditions to be excluded include para¬ 

sitic infection, allergies, pulmonary dis¬ 

eases such as Ldffler syndrome, cyclical 

eosinophilia, skin diseases such as angi- 

olymphoid hyperplasia, collagen vascu¬ 

lar disorders, and Kimura disease {226, 

2043,3510}. In addition, a number of neo¬ 

plastic disorders, such as T-cell lympho¬ 

ma, Hodgkin lymphoma, systemic mas¬ 

tocytosis, lymphoblastic leukaemia and 

other MPNs can be associated with ab¬ 

normal release of IL2, IL3, IL5, or granu¬ 

locyte-macrophage colony-stimulating 

factor and a secondary eosinophilia 

that mimics CEL, NOS {226,2055,2063, 

2609,2920,3501,3510,4402}; in systemic 

mastocytosis, there can also be eosino¬ 

phils belonging to the neoplastic clone. 

The bone marrow should be carefully 

inspected for any process that could ex¬ 

plain the eosinophilia as a secondary 

reaction, such as vasculitis, lymphoma, 

lymphoblastic leukaemia, systemic mas¬ 

tocytosis, or granulomatous disorders. 

Increased numbers of mast cells, which 

may be spindle-shaped, may indicate 

rearrangement of PDGFRA or PDGFRB. 
Some cases of persistent eosinophilia 

occur due to the abnormal release of cy¬ 

tokines by T cells that are immunopheno- 

typically aberrant and that may be clonal 

{476,1607,2035,2255,3680}. When suoh 

a T-cell population is present, the case 

is considered to be neither CEL, NOS 

nor idiopathic HES; instead, the term 

'lymphocytic variant of hypereosinophilic 

syndrome’ is used. If the monocyte count 

is > 1 X 10®/L, the diagnosis of chronic 

myeiomonocytic leukaemia with eosino¬ 

philia may be more appropriate. Similarly, 

if there are dysplastic features, >10% 

neutrophil precursors in the peripheral 

blood and no monocytosis, the diagnosis 

of atypical chronic myeloid leukaemia, 

BCR-ABU-negaYwe, with eosinophilia 

should be considered, 

idiopathic HES can be diagnosed only 

in fully investigated patients and only 

when (1) there is an eosinophil count of 

> 1,5 X 10®/L persisting for > 6 months; 

(2) reactive eosinophilia has been ex¬ 

cluded by appropriate, thorough inves¬ 

tigation; (3) acute myeloid leukaemia, 

MPN, myelodysplastic syndrome, myelo- 

dysplastic/myeloproliferative neoplasm 

and systemic mastocytosis have been 

excluded; (4) a cytokine-producing, im- 

munophenotypically aberrant T-cell pop¬ 

ulation has been excluded; and (5) there 

is tissue damage as a result of hypereo- 

sinophilia. If criteria 1-4 are met but there 

is no tissue damage, the appropriate di¬ 

agnosis is idiopathic hypereosinophilia. 

Patients in whom the diagnosis of idi¬ 

opathic hypereosinophilia or idiopathic 

HES is made should be regularly moni¬ 

tored, because evidence may subse¬ 

quently emerge that the condition is leu¬ 

kaemic in nature, and treatment may be 

necessary. 

Immunophenotype 
No specific immunophenotypic abnor¬ 

mality has been reported in CEL, NOS. 

However, immunophenotyping is relevant 

to the diagnosis of T lymphocyte-driven 

eosinophilia. 

Cell of origin 
The cell of origin is a haematopoietic 

stem cell, but the lineage potential of the 

affected cell may be variable. T-lympho- 

blastic transformation has been reported, 

so it appears that some cases arise from 

a pluripotent lymphoid-myeloid stem cell 

{1606}. 

Genetic profile 
No single or specific cytogenetic or mo¬ 

lecular genetic abnormality has been 

identified in CEL, NOS. Cases with re¬ 

arrangement of PDGFRA, PDGFRB or 

FGFR1, or with PCM1-JAK2 or variants 

are specifically excluded. The presence 

of a Ph chromosome or BCR-ABL1 fu¬ 

sion indicates one of the rare cases of 

chronic myeloid leukaemia with dominant i 

eosinophilia, rather than CEL, NOS. Even ; 

when eosinophilia occurs in conjunction 

with a chromosomal abnormality that is 

usually myeloid neoplasm-associated, 

it may be difficult to determine whether 

the eosinophils are part of the clonal pro¬ 

cess, because reactive eosinophilia can , 

occur in patients with myeloid neoplasms ; 

{1226}. However, the finding of a recur¬ 

rent karyotypic abnormality that is usually : 

observed in myeloid disorders (e.g. gain ; 

of chromosome 8, loss of chromosome 7, 

or isochromosome 17q) does support 

the diagnosis of CEL, NOS {226,3068}, 

as does the presence of a translocation, | 

Occasional cases have a JAK2 muta- ; 

tion, but mutations in ASXL1, TFT2 and ■ 
RZ/-/^ appear to be more common {1872, i 

4249B}. Four patients with a somatic ' 

activating KIT M541L mutation, whose j 

disease was responsive to low-dose i 

imatinib, have been reported {1799}. Fur- i 

ther studies to establish the frequency of 

this mutation are needed, X-linked poly- j 

morphism analysis of the AR (also called ! 

HUMARA) or PGK genes have been ’ 

used in female patients to demonstrate i 

clonality {652,2418}. In the appropriate i 

context, the finding of somatic mutations ; 

in genes that are frequently mutated in 

other myeloid neoplasms can support i 

the diagnosis of CEL, NOS. However, ' 

mutations in genes such as TET2, ASXL1 i 

and DNMT3A are sometimes detected ! 

by DNA sequencing in elderly people , 

without neoplasms {1326,4386}, so their ; 

presence should not be considered de- i 

finitive proof that eosinophilia results fromi 

a neoplastic rather than reactive process. 

Prognosis and predictive factors 
Survival is quite variable, but acute trans¬ 

formation is common and prognosis is ! 

generally poor {1606}. In one small series, : 

the median survival time was 22,2 months { 
{1606}. Response to imatinib is uncom- j 

mon but has been reported {1606,1799}, 

Cytogenetic remission with interferon ' 

alfa has been reported in 3 cases with j; 
translocations with a 5q31-33 breakpoint * 

{2407,2459,4404}; PDGFRB rearrange- ' 

ment was excluded in one of these cases ' 

{4404}. Marked splenomegaly, blasts - 

in the blood or increased blasts in the 

bone marrow, cytogenetic abnormalities 

and dysplastic features in other myeloid 

lineages have been reported to be unfa¬ 

vourable prognostic findings {759,3581, 
3759,4291}, 
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Myeloproliferative neoplasm, 
unclassifiable 

Kvasnicka H.M, 

Thiele J. 

Orazi A, 

Horny H.-P. 

Bain B.J. 

Definition 
The designation of myeloproliferative neo¬ 

plasm, unclassifiable (MPN-U) should be 

applied only to cases that have definite 

clinical, laboratory, molecular, and mor¬ 

phological features of a myeloproliferative 

neoplasm (MPN) but fail to meet the diag¬ 

nostic criteria for any of the specific MPN 

entities, or that present with features that 

overlap between two or more of the MPN 

categories (Table 2.15, p. 54). Most cases 

of MPN-U fall into one of three groups: 

1. A subset of cases with so-called 

masked/pre-polycythaemic presentation 

of polycythaemia vera, prefibrotic/early 

primary myelofibrosis, or early-phase 

essential thrombocythaemia in which the 

characteristic features are not yet fully 

developed (1380,2147,2152) - a propor¬ 

tion of cases presenting with portal or 

splanchnic vein thrombosis that fail to 

meet the diagnostic criteria for any of the 

specific MPN entities may also be con¬ 

sidered to belong in this group (1103, 

1362); 

2. Advanced-stage MPN, in which pro¬ 

nounced myelofibrosis, osteosclerosis, 

or transformation to a more aggressive 

stage with increased blast counts and/or 

myelodysplastic changes obscures the 

underlying disorder (404,405,2151,3968, 

3978,3983); or 

3. Cases with convincing evidence of an 

MPN in which a coexisting neoplastic or 

inflammatory disorder obscures some of 

the usual diagnostic clinical and/or mor¬ 

phological features (2147). 

ICD-0 code 9975/3 

Epidemiology 
The exact incidence of MPN-U is un¬ 

known, but some reports indicate that 

unclassifiable cases account for as many 

as 10-15% of all MPNs (3983). The rela¬ 

tive frequency varies significantly ac¬ 

cording to the experience of the diag¬ 

nostician and the specific classification 

system and criteria used (1361,1361A, 

1362,1363,2151,2348A,3978). Careful 

evaluation of clinical, morphological, and 

molecular features reduces the frequen¬ 

cy of unclassifiable cases to <5% (257, 

1086,1361 A,1799A,2147,2433). 

Localization 
The blood and bone marrow are the ma¬ 

jor sites of involvement, but in advanced 

stages the spleen and liver (i.e. the major 

sites of extramedullary haematopoiesis) 

may be also affected. 

Clinical features 
The clinical features of MPN-U are simi¬ 

lar to those of other MPNs. In early un¬ 

classifiable disease, organomegaly may 

be minimal or absent, but splenomegaly 

and hepatomegaly can be massive in 

advanced cases in which bone marrow 

specimens are characterized by marked 

myelofibrosis and/or increased numbers 

of blasts (3978,3983). The haematologi- 

cal values are also variable, ranging from 

mild leukocytosis to moderate or marked 

thrombocytosis, with or without accom¬ 

panying anaemia. Prominent cytope- 

nia or myelodysplastic features should 

always prompt the definitive exclusion 

of MDS/MPN and myelodysplastic syn¬ 

drome (MDS) (257,2147). Discrepancies 

between morphological and clinical fea¬ 

tures are particularly common in cases 

presenting with otherwise unexplained 

portal or splanchnic vein thrombosis 

(1103,1362). 

Exclusionary criteria 
The presence of BCR-ABL1 fusion; re¬ 

arrangement of PDGFRA, PDGFRB, or 

FGFR1-, or PCM1-JAK2 fusion excludes 

the diagnosis of MPN-U. This diagnosis is 

also inappropriate if clinical data sufficient 

for proper classification are not available, 

if the bone marrow specimen is of inad¬ 

equate quality or size for accurate evalua¬ 

tion (2147,2151,2152,3978,3983), or if the 

Fig.2.30 Myeloproliferative neoplasm, unclassifiable. A Early stage: a bone marrow biopsy specimen from a 50-year-old man with a platelet count of 500-1000 x 10vL 

for many months and a haemoglobin concentration of 17 g/dL; the specimen shows hypercellularity, an increased number of enlarged mature-appearing megakaryocytes, 

a slightly increased number of erythroid precursors, and prominent sinuses filled with erythrocytes, suggesting the so-called masked presentation of polycythaemia vera; 

molecular testing revealed J/\K2 wild-type and CALR mutation. B Late fibrotic stage: a bone marrow biopsy specimen from a 65-year-old female with leukocytosis, pancytopenia, 

and marked splenomegaly; the specimen shows hypocellularity, fibrosis with osteosclerosis, and markedly atypical megakaryocytes; molecular testing reveaied JAK2 mutation. 
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^ 
Fig. 2.31 Myeloproliferative neoplasm, unclassifiable, with features simulating myelodysplastic/myeloproliferative 

neoplasm, unclassifiable. Bone marrow biopsy shows severe dysmegakaryopoiesis: the dysplastic appearance of 

this case was therapy-related, a consequence of hydroxycarbamide administration for late-stage polycythaemia vera; 

molecular testing revealed mutations in CALR and ASXL1. 

patient has recently received cytotoxic 

or growth factor therapy that account for 

most of the ostensibly unclassifiable cas¬ 

es encountered in routine practice, par¬ 

ticularly when myelodysplastic features 

are observed (1361}. There may be signifi¬ 

cant discrepancies between morphologi¬ 

cal and clinical features (1362}. It is often 

preferable to describe the morphological 

findings and to recommend additional 

clinical and laboratory procedures (e.g, 

adequate peripheral blood smears and 

bone marrow biopsy and aspirate speci¬ 

mens, as well as extended molecular test¬ 

ing) to further classify the process. When 

a diagnosis of MPN-U is made, the report 

should summarize the reason for the dif¬ 

ficulty in reaching a more specific diagno¬ 

sis, and if possible should specify which 

of the MPN subtypes can be excluded 

from consideration. 

Differential diagnosis 
If a case does not have the features of 

one of the well-defined entities, the pos¬ 

sibility that it is not an MPN must be 

strongly considered (2147,2152}. A reao- 

tive bone marrow response to infection; 

an inflammatory response; the effects 

of toxins; and the results of administra¬ 

tion of chemotherapy, growth factors, 

cytokines, or immunosuppressive agents 

can closely mimio MPN and must be de¬ 

finitively excluded (1363}. Furthermore, 

other haematopoietic and non-haemato- 

poietic neoplasms, such as lymphoma 

or metastatic carcinoma, can infiltrate 

the marrow and cause reactive changes 

(including dense fibrosis and osteosole- 

rosis) that can be misconstrued as MPN 

(3968). 

The detection of characteristic JAK2, 
CALR, or MPL driver mutations sepa¬ 

rates an MPN from reactive conditions, 

although not all oases of MPN-U express 

one of these major clonal markers (2019, 

3924,3932}. In the absence of mutations 

in any of fhese genes, clonality should 

be confirmed whenever possible (2666), 

It has been shown that non-oanonioal 

mutations of MPL and JAK2 (i.e. fhose 

outside the exons usually investigated in 

routine diagnostic tests) are present in 

about 19% of triple-negative (i.e. appar¬ 

ently JAK2/CALR/MPL-w'\\d-\y'pe) MPN 

cases (2666); therefore, exfended mo¬ 

lecular testing can help to establish the 

diagnosis of an MPN. The identification 

of other mutations frequently associated 

with myeloid neoplasms (e.g. ASXL1, 

EZH2, TET2, IDH1, IDH2, SRSF2, and 

SF3B1 mutations) can be of help in con¬ 

firming the presence of clonal haemat- 

opoiesis (3924,3932). However, acquired 

clonal mutafions (including some of 

those mentioned above) may also occur 

in the haematopoietic cells of apparenfly 

healthy elderly individuals with no my¬ 

eloid neoplasm (1326,1830,3772). There¬ 

fore, caution is advised. Cytogenetic ab¬ 

normalities occur in as many as 30% of 

cases (3920,3924) and can be useful in 

confirming clonality. 

Cases with prominent cytopenia and/or 

significant accompanying myelodysplas¬ 

tic changes may be better categorized as 

myelodysplastic/myeloproliferative neo¬ 

plasm (MDS/MPN) (994,1517,1748,2987). 

The defining characferistics of each MPN 

must be considered with the understand¬ 

ing that (as with any biological process) 

variations do occur, and that the clinical 

and morphological manifestations can 

change over time as the disease pro¬ 

gresses through various stages (257, 

2147,2150,2151,2152). 

Microscopy 
Many cases that are diagnosed as 

MPN-U constitute very early stage dis¬ 

ease in which the differentiation between 

essential thrombocythaemia, primary 

myelofibrosis, and polycythaemia vera 

may be very difficult (2147,2151,2152). 

In such cases, peripheral blood smears 

often reveal thrombocytosis and variable 

neutrophilia (2152), The haemoglobin 

concentration may be normal, mildly de¬ 

creased, or borderline increased (3966, 

3969,3972). Bone marrow biopsy speci¬ 

mens frequently show hypercellularity 

and prominent megakaryocytic prolifera¬ 

tion, with variable amounts of granulocyt¬ 

ic and erythroid proliferation (2147,2152, 

3978,3984,3985). Careful application of 

the diagnostic guidelines recommended 

in this volume for each specific MPN, 

with close attention paid to the mega¬ 

karyocyte morphology and histotopo- 

graphy, will enable the classification of 

mosf MPNs as a specific subtype (1361, 

2433); the remainder are best classified 

as MPN-U until careful follow-up or ad¬ 

ditional laboratory studies provide suffi¬ 

cient evidence for a more precise diag¬ 

nosis (2147,2152). 

In late-sfage disease, bone marrow 

specimens may show dense fibrosis 

and/or osteomyelosclerosis, indicating 

a terminal burnt-out stage; if no previ¬ 

ous history or histology is available, it 

may be impossible to distinguish be¬ 

tween the post-polycythaemic stage of 

polycyfhaemia vera (post-polycythae- 

mia vera myelofibrosis) or, rarely, essen¬ 

tial thrombocythaemia (post-essential 

thrombocythaemia myelofibrosis) and 

the overt fibrotic/osteosclerotic stage of 

primary myelofibrosis (407,3964,3968, 

3978,3983), Differential diagnosis with 

MDS (or MDS/MPN, unclassifiable) asso¬ 

ciated with severe bone marrow fibrosis 

may be challenging in cases with multi¬ 

lineage dysplasia, due to the overlapping 

clinical and morphological features (218, 

941,942,2986). In these cases, meticu¬ 

lous investigation with respect to sple¬ 

nomegaly, blood cell count, peripheral 

blood and bone marrow findings, pres¬ 

ence or absence of MPN-associafed mu¬ 

tations (in JAK2, MPL, or CALR), and kar¬ 

yotypic findings may facilitate diagnosis 
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(1261,2986). Although chronic myeloid 

leukaemia may also be accompanied 

by marked myelofibrosis, the small size 

of the megakaryocytes indicates the cor¬ 

rect diagnosis (3978,3983), and cytoge¬ 

netic and molecular genetic demonstra¬ 

tion of the Philadelphia (Ph) chromosome 

or BCR-ABL1 fusion confirms the diagno¬ 

sis of chronic myeloid leukaemia. 

The presence of >10% blasts in the pe¬ 

ripheral blood or bone marrow and/or 

the finding of significant myelodyspla¬ 

sia generally indicate a transition to a 

more aggressive, often terminal phase 

of the disease (404,405). Cases initially 

diagnosed as MPN-U in which 10-19% 

blasts are found in the peripheral blood 

or bone marrow are considered to be in 

the accelerated phase. Blast percent¬ 

ages of >20% in the peripheral blood or 

bone marrow indicate the blast phase 

(i.e. acute leukaemic transformation) of 

previously diagnosed MPN-U. In most 

of these advanced-stage cases, fibrosis 

can cause dilution of bone marrow as¬ 

pirates; therefore, immunohistochemical 

staining of the bone marrow biopsy sec¬ 

tions for CD34 provides diagnostic value 

by demonstrating increased numbers 

and/or clusters or aggregates of blasts 

(3978,3983). Prominent myelodysplastic 

features may appear during the natural 

progression of an MPN even without prior 

cytoreductive therapy (404). However, if 

an initial, untreated case demonstrates 

significant myelodysplasia, the diagnos¬ 

tic alternatives of MDS/MPN or MDS, un- 

classifiable, should be considered (225, 

994,1520,1748,2987,3919,3930). In such 

cases, additional molecular testing and 

cytogenetic analysis may be necessary 

for better diagnostic characterization 

(1517,3930,4502). 

Cell of origin 
The postulated cell of origin is a haema¬ 

topoietic stem cell. 

Genetic profile 
There is no cytogenetic or molecular ge¬ 

netic finding specific for this group. There 

is no BCR-ABL1 fusion; no rearrange¬ 

ment of PDGFRA, PDGFRB, or FGFRI] 
and no PCM1-JAK2 fusion. The pres¬ 

ence of a phenotypic driver mutation in 

JAK2, CALR, or MPL supports the diag¬ 

nosis of an MPN. Cases that do not meet 

the clinical and/or morphological criteria 

for a specific MPN subtype or any other 

specific disease category are best cat¬ 

egorized as MPN-U, 

Prognosis and predictive factors 
In patients with MPNs that are initially 

unclassifiable, follow-up studies per¬ 

formed at intervals of 6-12 months can 

often provide sufficient information for 

a more precise classification (257,2147, 

2152,3978,3983). In the early stages of 

disease, such patients have a prognosis 

similar to patients with the neoplasms into 

which their disease eventually evolves 

(2150). Patients with advanced disease 

in whom the initial process is no longer 

recognizable due to bone marrow fibro¬ 

sis or blastic infiltration are expected to 

have a poor prognosis (404,405). Se¬ 

lective JAK1IJAK2 inhibitor therapy has 

been shown to rapidly reduce spleno¬ 

megaly, markedly improve myelofibro¬ 

sis-associated symptoms, and prolong 

overall survival in primary and secondary 

myelofibrosis (i.e. primary myelofibrosis, 

post-polycythaemia vera myelofibrosis, 

and post-essential thrombocythaemia 

myelofibrosis) (1798,1833,4316). Howev¬ 

er, the same therapeutic approach was 

not found to be effective in MDS/MPN or 

MDS associated with bone marrow fibro¬ 

sis. Therefore, the identification of MPNs 

(1261,2962), even if they are unclassifia¬ 

ble, is of importance for clinical decision¬ 

making and overall prognosis (941,942), 
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CHAPTER 3 

Mastocytosis 

Cutaneous mastocytosis 

Systemic mastocytosis 

Mast cell sarcoma 



Mastocytosis Horny H.-P, 

Akin C. 

Arber D.A. 

Peterson L.C. 

Tefferi A. 

Metoalfe D.D. 

Bennett J.M. 

Bain BJ, 

Escribano L. 

Valent P. 

Table 3.01 Classification of mastocytosis variants 

Cutaneous mastocytosis 

Urticaria pigmentosa/maculopapular cutaneous mastocytosis 

Diffuse cutaneous mastocytosis 

Mastocytoma of skin 

Systemic mastocytosis 

Indolent systemic mastocytosis^ (including the bone marrow mastocytosis subtype) 

Smouldering systemic mastocytosis^ 
Systemic mastocytosis with an associated haematological neoplasm’’ 

Aggressive systemic mastocytosis^ 

Mast cell leukaemia 

Mast cell sarcoma 

^ The complete diagnosis of these variants requires information regarding B and C findings (Table 3.04, p.66), 

all of which may not be available at the time of initial tissue diagnosis. 
^ This variant is equivaient to the previously described entity ‘systemic mastocytosis with an associated clonal 

haematological non-mast cell lineage disease’, and the terms can be used synonymously. 

Definition 
Mastocytosis occurs due to a clonal, 

neoplastic proliferation of mast cells that 

accumulate In one or more organ sys¬ 

tems. It is characterized by an abnormal 

mast cell infiltrate, which often contains 

multifocal compact clusters or cohesive 

aggregates. The disorder is heteroge¬ 

neous, with manifestations ranging from 

skin lesions that can spontaneously 

regress to highly aggressive neoplasms 

associated with multiorgan failure and 

poor survival. Mastocytosis variants 

(Table 3.01) are recognized mainly by 

pathology investigations, distribution of 

the disease, and clinical manifestations. 

In cutaneous mastocytosis, the mast 

cell infiltrate remains confined to the 

skin, whereas systemic mastocytosis is 

characterized by the involvement of at 

least one extracutaneous organ, with or 

without evidence of skin lesions. Masto¬ 

cytosis should be strictly distinguished 

from mast cell hyperplasia and mast cell 

activation states in which the morpho¬ 

logical and molecular abnormalities that 

characterize the neoplastic proliferation 

of mast cells are absent. The diagnostic 

criteria for cutaneous and systemic mas¬ 

tocytosis are listed in Table 3.02. 

ICD-0 codes 
Cutaneous mastocytosis 9740/1 

Indolent systemic mastocytosis 9741/1 

Systemic mastocytosis with an 

associated haematological 

neoplasm (AHN) 9741/3 

Aggressive systemic 

mastocytosis (ASM) 9741/3 

Mast cell leukaemia 9742/3 

Mast cell sarcoma 9740/3 

Epidemiology 
Mastocytosis can occur at any age. 

Cutaneous mastocytosis is most com¬ 

mon in children and can be present at 

birth. About 50% of affected children 

develop typical skin lesions before the 

age of 6 months. Cutaneous mastocyto¬ 

sis is much less common in adults than 

in children {576,1568,4105,4353}, and 

a slight male predominance has been 

reported. Systemic mastocytosis is gen¬ 

erally diagnosed after the second dec¬ 

ade of life, and reported male-to-female 

ratios range from 1:1 to 1:1.5 {2646,3074). 

Localization 
Approximately 80% of patients with mas¬ 

tocytosis have evidence of skin involve¬ 

ment {1568,3054}. In systemic masto¬ 

cytosis, the bone marrow is almost 

always involved, so morphological and 

molecular analysis of a bone marrow 

biopsy specimen is strongly recommen¬ 

ded in adults, to confirm or exclude the 

diagnosis of systemic mastocytosis 

{1698,1699,2268}, Rarely, the peripheral 

blood shows leukaemia due to significant 

numbers of circulating mast cells {1694}. 

Other organs that may be involved in sys¬ 

temic mastocytosis include the spleen, 

lymph nodes, liver, and gastrointesti¬ 

nal tract mucosa, but any tissue can be 

affected {1690,1692,1695,1698,2268, 

3951,4107}. Skin lesions are more often 

observed in indolent systemic masto¬ 

cytosis, whereas aggressive variants 

often present without skin lesions {3074, 

4107}. However, patients with indolent 

systemic mastocytosis may also present 

without skin lesions; these patients may 

have isolated bone marrow mastocy¬ 

tosis, a rare subtype of indolent systemic 

mastocytosis. 

Clinical features 
There are three main forms of cutaneous , 

mastocytosis, which constitute distinct 

clinicohistopathological entities: urticaria 

pigmentosa/maculopapular cutaneous 

mastocytosis, diffuse cutaneous masto¬ 

cytosis and mastocytoma of skin. The : 

lesions of all forms may urticate when 

stroked (Darier’s sign), and most show 

intraepidermal accumulation of melanin 

pigment. The term ‘urticaria pigmen¬ 

tosa’ describes these two clinical fea¬ 

tures macroscopically. Blistering is usu¬ 

ally seen in patients aged <3 years, and { 

may be observed in all forms of paedi- [ 

atric cutaneous mastocytosis {1568, 

4353}. However, blistering does not in- '■ 
dicate a separate subtype of cutaneous 

mastocytosis. 

The presenting symptoms of systemic . 

mastocytosis have been grouped into '' 

four oategories: constitutional symptoms ; 

(e.g, fatigue, weight loss, fever, diapho- ; 

resis), skin manifestations (e.g. pruritus, 

urticaria, dermatographism, flushing), : 

mediator-related systemic events (e.g, i 

abdominal pain, gastrointestinal dis- i 

tress, syncope, headache, hypotension, : 

tachycardia, respiratory symptoms) and 

musculoskeletal symptoms (e.g, bone 

pain, osteopenia/osteoporosis, fractures, 

arthralgias, myalgias) {4107}. These dis¬ 

ease manifestations can range from mild 
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Table 3.02 Diagnostic criteria for cutaneous and systemic mastocytosis 

Cutaneous mastocytosis 

Skin lesions demonstrating the typical findings of urticaria pigmentosa/maculopapular cutaneous 

mastocytosis, diffuse cutaneous mastocytosis or solitary mastocytoma, and typical histological 

infiltrates of mast cells in a multifocal or diffuse pattern in an adequate skin biopsy^. 

In addition, features/criteria sufficient to establish the diagnosis of systemic mastocytosis must be 

absent {1567,4105,4107}. There are three variants of cutaneous mastocytosis (see Table 3.01). 

Systemic mastocytosis 

The diagnosis of systemic mastocytosis can be made when the major criterion and at least 1 minor 
criterion are present, or when > 3 minor criteria are present. 

Major criterion 

Multifocal dense infiltrates of mast cells (> 15 mast cells in aggregates) detected in sections of bone 

marrow and/or other extracutaneous organ(s) 

Minor criteria 

1. In biopsy sections of bone marrow or other extracutaneous organs, 

>25% of the mast cells in the infiltrate are spindle-shaped or have atypical morphology or 

>25% of all mast cells in bone marrow aspirate smears are immature or atypical. 

2. Detection of an activating point mutation at codon 816 of KIT in the bone marrow, blood or another 

extracutaneous organ 

3. Mast cells in bone marrow, blood or another extracutaneous organ express CD25, with or without CD2, 
in addition to normal mast cell markers'’. 

4. Serum total tryptase is persistently >20 ng/mL, unless there is an associated myeloid neoplasm, 
in which case this parameter is not valid. 

^ This criterion applies to both the dense focal and the diffuse mast cell infiltrates in the biopsy, 

CD25 is the more sensitive marker, by both flow cytometry and immunohistochemistry. 

to life-threatening. Symptoms related to 

organ impairment (due to mast cell infil¬ 

trates) can also occur, in particular in 

patients with high-grade systemic mas¬ 

tocytosis, including aggressive systemic 

mastocytosis and mast cell leukaemia 

(Tables 3.03 and 3.04). 

The physical findings at diagnosis of sys¬ 

temic mastocytosis may include spleno¬ 

megaly (often minimal); lymphadeno- 

pathy and hepatomegaly are present 

less often {1690,1692,1695,2647). Orga¬ 

nomegaly is often absent in indolent 

systemic mastocytosis but is usually 

present (along with impaired organ func¬ 

tion) in advanced systemic mastocytosis, 

including aggressive systemic masto¬ 

cytosis and mast cell leukaemia. Severe 

systemic symptoms can occur in patients 

with indolent systemic mastocytosis as a 

result of extensive generation and release 

of biochemical mediators such as hista¬ 

mine, eicosanoids, proteases and hepa¬ 

rin. For example, gastrointestinal mani¬ 

festations such as peptic ulcer disease 

and diarrhoea are more commonly attrib¬ 

uted to the release of biologically active 

mediators than to infiltration of the gastro¬ 

intestinal tract by excessive numbers of 

abnormal mast cells (1033,1853). Patients 

with severe mediator-related symptoms 

occurring in temporal association with 

substantially increased serum tryptase 

levels may be diagnosed with mast cell 

activation syndrome (MCAS) (43,4103, 

4104), However, MCAS is not considered 

a subset of systemic mastocytosis. This 

is because MCAS occurs not only in the 

setting of systemic mastocytosis but also 

in patients with other disorders, includ¬ 

ing IgE-dependent allergic reactions. In 

some patients with MCAS, the diagnos¬ 

tic criteria tor systemic mastocytosis are 

not fulfilled but clonal mast cells with the 

K'/TD816V mutation or aberrant surface 

CD25 are found; these patients are diag¬ 

nosed with monoclonal MCAS. Patients 

with monoclonal MCAS and those with 

mediator-related symptoms and systemic 

mastocytosis are collectively designated 

as having primary (clonal) MCAS (4104). 

The additional diagnosis of MCAS in the 

setting of systemic mastocytosis has 

clinical and therapeutic implications, 

and should therefore be included in the 

medical record in the same way as the 

presence or absence of B symptoms (i.e. 

fever, night sweats and weight loss) are 

documented in lymphomas. 

The haematological abnormalities as¬ 

sociated with systemic mastocytosis 

include anaemia, leukocytosis, eosino- 

philia (a common finding), neutropenia 

and thrombocytopenia (228,1694,2094, 

3064). Bone marrow failure occurs only 

in patients with aggressive or leukaemic 

disease variants. Significant numbers of 

circulating mast cells are rarely observed 

in systemic mastocytosis; when present, 

they suggest mast cell leukaemia (4107), 

In as many as 30% of systemic masto¬ 

cytosis cases, an associated haemato¬ 

logical neoplasm is diagnosed before, 

simultaneously with, or after systemic 

mastocytosis. In principle, any defined 

myeloid or lymphoid malignancy can 

occur as an associated haematological 

neoplasm, but myeloid neoplasms pre¬ 

dominate, with chronic myelomonocytic 

leukaemia and myelodysplastic/myelo- 

proliferative neoplasm, unclassitiable 

being most common (1694,1696,1697, 

3735,3751,3793), In patients with syste¬ 

mic mastocytosis with an associated 

Fig. 3.01 Cutaneous mastocytosis. A Numerous typical macular and maculopapular pigmented lesions of urticaria pigmentosa in a young child. B The skin lesions of all forms of 

cutaneous mastocytosis may urticate when stroked (Darier’s sign). A palpable wheal appears a few moments after the physical stimulation, due to the release of histamine from the 

mast cells. C Thickened, reddish, peau chagrins lesions characteristic of diffuse cutaneous mastocytosis, which occur almost exclusively in children. 

Mastocytosis 63 



Fig. 3.02 Mastocytoma of skin. A In this isolated lesion from the wrist of an infant, the papillary dermis and reticular dermis are filled with mast cells. B At high magnification, 

the bland appearance of the mast cell infiltrate is apparent. 

haematological neoplasm, the clinical 

symptoms, disease course and progno¬ 

sis relate both to systemic mastocytosis 

and to the associated haematological 

disorder {2329,3751,4107}; in many cas¬ 

es, the clinical outcome is determined 

primarily by the associated haematologi¬ 

cal neoplasm (570,3928). Therefore, both 

the type of systemic mastocytosis and 

the type of associated haematological 

neoplasm should be classified according 

to the WHO criteria in all cases, 

Serum tryptase levels are used in the 

evaluation and monitoring of patients with 

mastocytosis. Serum total tryptase per¬ 

sistently >20ng/mL suggests systemic 

mastocytosis, and is a minor criterion for 

diagnosis (unless there is an associated 

myeloid neoplasm, in which case this 

parameter is not valid). In most patients 

with cutaneous mastocytosis, serum 

tryptase levels are normal to slightly el¬ 

evated {3591,4107}. 

Microscopy 
The diagnosis of mastocytosis is usually 

based on the demonstration of multifocal 

clusters or cohesive aggregates/infiltrates 

of mast cells in adequate biopsy speci¬ 

mens (Table 3.02, p.63). The histological 

pattern of the mast cell infiltrate can vary 

depending on the tissue sampled {1568, 

1698,4107), A diffuse interstitial infiltration 

pattern is defined as loosely scattered 

mast cells in the absence of compact 

aggregates. However, this pattern is also 

observed in reactive mast cell hyperpla¬ 

sia and in some myeloproliferative neo¬ 

plasms, including cases in which elevat¬ 

ed numbers of immature atypical mast 

cells are found but the criteria for system¬ 

ic mastocytosis or mast cell leukaemia 

are not met {1696}. In patients with the 

diffuse infiltration pattern, it is therefore 

impossible to establish the diagnosis of 

mastocytosis without additional studies, 

including the demonstration of an aber¬ 

rant immunophenotype and/or detec¬ 

tion of an activating point mutation in KIT 
{1698,1699,2122,3735,3736}. In contrast, 

the presence of mulfifocal compact mast 

cell infiltrates or a diffuse-compact mast 

cell infiltration pattern is highly compat¬ 

ible with the diagnosis of mastocytosis. 

However, additional immunohistochemi- 

cal and molecular studies are strongly 

recommended even in these cases. 

In tissue sections stained with haemato- 

xylin and eosin, normal/reactive mast 

cells are usually loosely scattered 

throughout the sample and display round 

to oval nuclei with clumped chromatin, a 

low nuclearxytoplasmic ratio, and ab¬ 

sent or indistinct nucleoli. The mast cell 

cytoplasm is abundant and usually filled 

with small, faintly visible granules. Dense 

aggregates of mast cells are only very 

exceptionally detected in reactive states 

{2268,3074,4107}, 

In smear preparations, mast cells are 

readily visible with Romanowsky staining 

as medium-sized round or oval cells with 

plentiful cytoplasm, containing densely 

packed metachromatic granules and 

round or oval nuclei. In normal/reactive 

states, mast cells are easily distinguished 

from basophils, which have segmented 

nuclei and larger and fewer granules. 

Enzyme cytochemistry shows that mast 

cells react strongly with naphthol AS-D 

chloroacetate esterase (CAE) but do not 

express myeloperoxidase. In mastocyto¬ 

sis, the cytology of mast cells varies, but 

abnormal cytological features (including 

marked spindling and hypogranularity) 

are almost always present {3750,4107}. 

In high-grade mastocytosis lesions, cyto¬ 

logical atypia is pronounced, and the 

occurrence of metachromatic blast cells 

is a typical feature of mast ceil leukaemia , 

{4107,4108}. The finding of frequent mast ' 

cells with bilobated or multilobated nuclei 

(called promastocytes) usually indicates 

an aggressive mast cell proliferation, 

although these cells may also be seen ; 

at lower frequency in other subtypes of , 

the disease. Mitotic figures do occur in 

mast cells, but are infrequent even in the ' 

aggressive and leukaemic variants of ' 

systemic mastocytosis. In a few patients i 

with systemic mastocytosis, the mast * 

cells are mature and well granulated, 

without atypia or aberrant CD25 expres- : 

sion; such cases have been referred to 

as well-differentiated systemic masto¬ 

cytosis. In most of these cases, no KIT ‘ 

mutation at codon 816 is found, and the j 

mast cells usually respond to KIT tyrosine > 
kinase inhibitors, including imatinib {42, ! 

83). However, well-differentiated morph- 

ology of mast cells can be present in any i 

variant of systemic mastocytosis. There- j 

fore, well-differentiated systemic masto- ii 

cytosis is not considered a distinct cate- ■ 
gory of systemic mastocytosis. | 

The number of mast cells can be as- ) 

sessed by conventional staining proce- - 

dures, using Giemsa or toluidine blue ■ 
staining to detect the metachromatic mast ; 

cell granules; CAE is also helpful {1698}. ; 

However, the most specific methods for ) 

identifying immature or atypical mast cells = 

in tissue sections involve immunohisto- ' 

chemical staining for tryptase/chymase ; 

and KIT (CD117), and, for identifying neo- j 

plastic mast cells, CD25 or less common- ^ 

ly CD2. In a subset of cases, mast-cells 

also express CD30 {2729,3734}. Aberrant ' 

expression of surface markers, including 
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Fig. 3.03 Urticaria pigmentosa. In this typicai skin lesion in a child, aggregates of mast cells fill the papillary dermis 

and extend as sheets into the reticular dermis. 

CD2 and CD25, can also be detected by 

flow cytometry {1114), The morphological 

and clinical features of the common forms 

of mastocytosis are described in the fol¬ 

lowing sections on each variant. 

Cutaneous mastocytosis 

Definition 
The diagnosis of cutaneous mastocytosis 

(CM) requires the demonstration of typi¬ 

cal clinical findings and histological proof 

of abnormal mast cell Infiltration of the 

dermis. In cutaneous mastocytosis, there 

is no evidence of systemic involvement 

in the bone marrow or any other organ. 

In addition, the diagnostic criteria for 

systemic mastocytosis are not fulfilled. 

However, patients with cutaneous masto¬ 

cytosis may present with one or two of 

the minor diagnostic criteria for systemic 

mastocytosis, such as an elevated se¬ 

rum tryptase level or abnormal morphol¬ 

ogy of mast cells in the bone marrow 

(Table 3.02, p.63). 

Three major variants of cutaneous masto¬ 

cytosis are recognized: urticaria pigmen- 

tosa/maculopapular cutaneous masto¬ 

cytosis, diffuse cutaneous mastocytosis 

and mastocytoma of skin {4105,4107). 

ICD-0 code 9740/1 

Synonyms 
Maculopapular cutaneous mastocytosis; 

diffuse cutaneous mastocytosis; 

solitary mastocytoma of skin; urticaria 

pigmentosa 

Urticaria pigmentosa/maculopapular 
cutaneous mastocytosis 
This is the most common form of cuta¬ 

neous mastocytosis, In children, the le¬ 

sions of urticaria pigmentosa tend to be 

larger, fewer, and more papular than the 

skin lesions seen in adults with systemic 

mastocytosis. Recent data suggest that 

monomorphic small lesions detected in 

early childhood are more likely to persist 

into adulthood than are larger polymor¬ 

phic lesions {569,1567). Histopathology 

typically reveals aggregates of spindle- 

shaped mast cells filling the papillary 

dermis and extending as sheets and 

aggregates into the reticular dermis, often 

in perivascular and periadnexal distribu¬ 

tion {4353), A subset of cases, usually 

occurring in young children, present as 

non-pigmented plaque-forming lesions. 

In adults, the lesions are disseminated 

and they tend to be red or brownish red 

and macular or maculopapular. Histopa¬ 

thology of urticaria pigmentosa in adults 

typically reveals fewer mast cells than 

are seen in children. However, as men¬ 

tioned above, cutaneous mastocytosis is 

very rare in adults; upon thorough bone 

marrow examination, most adult patients 

with skin lesions are found to have syste¬ 

mic mastocytosis. The number of lesio- 

nal mast cells can sometimes overlap 

with the upper range of mast cell counts 

found in normal or inflamed skin. In some 

cases, examination of multiple biopsies 

and immunohistochemical analysis may 

be necessary to establish the diagnosis 

of cutaneous mastocytosis {4105,4353}. 

Various KIT mutations, including D816V, 

have been detected in lesional skin in 

childhood cutaneous mastocytosis. 

Diffuse cutaneous mastocytosis 
This clinically remarkable variant of cuta¬ 

neous mastocytosis is much less com¬ 

mon than urticaria pigmentosa and pre¬ 

sents almost exclusively in childhood. 

The skin is diffusely thickened and may 

have a grain leather (peau chagrine) or 

orange peel (peau d'orange) appear¬ 

ance. There are no individual lesions. 

In patients with clinically less obvious 

infiltration of the skin, the biopsy usu¬ 

ally shows a band-like infiltrate of mast 

cells in the papillary and upper reticular 

dermis. In massively infiltrated skin, the 

histology may be the same as that seen 

in mastocytoma of skin {1568,4353}. 

Mastocytoma of skin 
This variant typically occurs as a single 

lesion, almost exclusively in children, and 

without predilection for site {576,4353). In 

some cases, two or three lesions occur. 

Histology shows sheets of mature-look¬ 

ing, highly metachromatic mast cells with 

abundant cytoplasm, which densely in¬ 

filtrate the papillary and reticular dermis. 

These mast cell infiltrates may extend into 

the subcutaneous tissues. Cytological 

Fig. 3.04 Systemic mastocytosis, bone marrow biopsy. A One region of this photomicrograph (left side) is 

occupied by mast cells with fibrosis, whereas the adjacent area is hypercellular, with panmyelosis. In cases like 

this, it is important to consider the diagnosis of systemic mastocytosis with an associated haematological neoplasm. 

B Mast cells usually demonstrate metachromatic granules on Giemsa or toluidine blue staining. However, the most 

specific methods for identifying mast cells in tissue sections are immunohistochemical staining for tryptase/chymase 

and KIT (CD117), and for identifying neoplastic mast cells, CD2 and CD25. 
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Table 3.03 Diagnostic criteria for the variants of systemic mastocytosis 

Indolent systemic mastocytosis 

Meets the general criteria for systemic mastocytosis 

No C findings^ 

No evidence of an associated haematological neoplasm 

Low mast cell burden 

Skin lesions are almost invariably present 

Bone marrow mastocytosis 

As above (indolent systemic mastocytosis), but with bone marrow involvement and no skin lesions 

Smouldering systemic mastocytosis 

Meets the general criteria for systemic mastocytosis 

S2B findings; no Cfindings® 

No evidence of an associated haematological neoplasm 

High mast cell burden 
Does not meet the criteria for mast cell leukaemia 

Systemic mastocytosis with an associated haematological neoplasm 

Meets the general criteria for systemic mastocytosis 
Meets the criteria for an associated haematological neoplasm (i.e. a myelodysplastic syndrome, 

myeloproliferative neoplasm, acute myeloid leukaemia, lymphoma or another haematological neoplasm 

classified as a distinct entity in the WHO classification) 

Aggressive systemic mastocytosis 

Meets the general criteria for systemic mastocytosis 

>1 C finding® 
Does not meet the criteria for mast cell leukaemia 

Skin lesions are usually absent. 

Mast cell leukaemia 

Meets the general criteria for systemic mastocytosis 

Bone marrow biopsy shows diffuse infiltration (usually dense) by atypical, immature mast cells. 

Bone marrow aspirate smears show >20% mast cells. 
In classic cases, mast cells account for >10% of the peripheral blood white blood cells, but the 

aleukaemic variant (in which mast cells account for <10%) is more common. 

Skin lesions are usually absent. 

® B and C findings indicate organ involvement without and with organ dysfunction, respectively; these findings 

are listed in Table 3.04. 

Table 3.04 B ('burden of disease’) and C ('cytoreduction-requiring') findings in systemic mastocytosis, which indicate 
organ involvement without and with organ dysfunction, respectively 

B findings 

1. High mast cell burden (shown on bone marrow biopsy); > 30% infiltration of cellularity by 

mast cells (focal, dense aggregates) and serum total tryptase >200 ng/mL 
2. Signs of dysplasia or myeloproliferation in non-mast cell lineage(s), but criteria are not met 

for definitive diagnosis of an associated haematological neoplasm, with normal or only 

slightly abnormal blood counts 

3. Hepatomegaly without impairment of liver function, palpable splenomegaly without hypersplenism and/or 
lymphadenopathy on palpation or imaging 

C findings 

1. Bone marrow dysfunction caused by neoplastic mast cell infiltration, 
manifested by si cytopenia: absolute neutrophil count <1.0 x 10^/L, haemoglobin level <10 g/dL, 

and/or platelet count < 100 x 10^/L 

2. Palpable hepatomegaly with impairment of liver function, ascites and/or portal hypertension 

3. Skeletal involvement, with large osteolytic lesions with or without pathological fractures (pathological 

fractures caused by osteoporosis do not qualify as a C finding) 

4. Palpable splenomegaly with hypersplenism 

5. Malabsorption with weight loss due to gastrointestinal mast cell infiltrates 

atypia is absent, which enables the dis¬ 

tinction of mastocytoma from an extreme¬ 

ly rare mast cell sarcoma of the skin. 

Systemic mastocytosis 

Definition 
Consensus criteria for the diagnosis of 

systemic mastocytosis have been estab¬ 

lished (Table 3.02, p.63), and five vari¬ 

ants are recognized; indolent systemic 

mastocytosis, smouldering systemic 

mastocytosis, systemic mastocytosis 

with an associated haematological neo¬ 

plasm, aggressive systemic mastocyto¬ 

sis and mast cell leukaemia. 

Table 3.03 summarizes the specific diag¬ 

nostic criteria for each variant of systemic 

mastocytosis. 

Indolent systemic mastocytosis 
In indolent systemic mastocytosis (ISM), 

the mast cell burden is usually low and 

skin lesions are found in most patients. 

For cases that fulfil the criteria for indolent 

systemic mastocytosis and also present 

with one B finding (Table 3.04), the diag¬ 

nosis remains indolent systemic mastocy¬ 

tosis. However, if two or more B findings 

are detected, the diagnosis changes to 

smouldering systemic mastocytosis. The 

/</TD816V mutation is present in the vast 

majority (> 90%) of typical indolent system¬ 

ic mastocytosis cases. If this mutation is 

not found but there remains high suspicion 

of systemic mastocytosis (e.g. in patients 

with well-differentiated mast cell morpholo¬ 

gy or advanced infiltration of the bone mar¬ 

row), the KIT gene should be sequenced 

if possible, because other KIT mutations 

have been found in some patients. 

ICD-0 code 9741/1 

Fig. 3.05 Systemic mastocytosis. Skeletal lesions are 

common in systemic mastocytosis. This X-ray-shows 

patchy osteosclerosis, osteoporosis and multiple lytic 
lesions in the femur. 

66 Mastocytosis 



Fig. 3.06 Systemic mastocytosis, spleen. A Macroscopic view of this spieen from a patient with systemic mastocytosis. B Aggregates of mast cells may be seen in the red or 

white puip, or in both. In this case, the mast cells have prominent, lightiy stained cytoplasm and are seen in a perifollicular location. 

sv-Vi 

t* r'Xv/.".- 

Fig. 3.07 Systemic mastocytosis, bone marrow biopsy. A The lesions often consist of a central core of lymphocytes surrounded by polygonal mast cells with pale, faintly granular 

cytoplasm, and with reactive eosinophiis at the outer margin of the lesion. B The lesions are often weli circumscribed; they may occur in paratrabecular or perivascular locations, 
or may be randomly distributed within the intertrabecular regions. 

Fig. 3.08 Systemic mastocytosis, bone marrow biopsy. A Densely packed, spindled mast cells along a bone trabecula in paratrabecular infiltration of marrow. B The monomorphic, 

spindled mast cells are often accompanied by fibrosis and may replace large areas of the bone marrow biopsy specimen. Osteosclerosis often accompanies such lesions. 

Bone marrow mastocytosis 
In the bone marrow mastocytosis sub- 

type of indolent systemic mastocytosis, 

the burden of neoplastic mast cells is 

usually low, and serum tryptase levels 

are often normal or nearly normal. 

Smouldering systemic mastocytosis 
In smouldering systemic mastocytosis, 

the mast cell burden is high, organo¬ 

megaly is often found, and multilineage 

involvement is typically present. Although 

the clinical course is often stable for many 

years, progression to aggressive system¬ 

ic mastocytosis or mast cell leukaemia 

can occur. Skin lesions are found in most 

patients and the KIT D816V mutation is 

almost invariably present; unlike in typi¬ 

cal indolent systemic mastocytosis, the 

mutation is usually detectable in several 

myeloid lineages and sometimes even 

in lymphocytes, reflecting multilineage 

involvement by the neoplastic process 
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despite a lack of morphological evi¬ 

dence of an associated haematological 

neoplasm. 

Systemic mastocytosis with an 
associated haematological neoplasm 
Systemic mastocytosis with an associa¬ 

ted haematological neoplasm (AHN) 

fulfils the general criteria for systemic 

mastocytosis as well as the criteria for an 

AHN. In most cases, a myeloid disease of 

non-mast cell lineage is detected, such 

as a myelodysplastic syndrome, myelo¬ 

proliferative neoplasm, myelodysplastic/ 

myeloproliferative neoplasm or acute 

myeloid leukaemia {4107}. The AHN 

should usually be considered a second¬ 

ary neoplasm with clinical and prognos¬ 

tic implications. The most commonly de¬ 

tected AHN is chronic myelomonocytic 

leukaemia. Lymphoid neoplasms, such 

as multiple myeloma and lymphoma, 

are rare. The activating /</TD816V muta¬ 

tion is found in most cases of systemic 

mastocytosis with an AHN, and in many | 

cases is detectable not only in the sys- | 

temic mastocytosis compartment but : 

also in the AHN cells (e.g. acute myeloid i 

leukaemia blasts or chronic myelomono- ; 

cytic leukaemia monocytes). Depending , 

on the type of AHN, additional mutations , 

in other genes (e.g. TET2, SRSF2, ASXL1, 
CBL, RUNX1 and the RAS family of onco¬ 

genes) may also be detected, and the : 

accumulation of such mutations appears ^ 

to be of prognostic significance. i 

vaciMica. M iiiiiiiuiiuiiisiuoiicMMuai oicJiiiiiiy lui ui iiic uuiic iiidiiuvv uiupsy iiidsi ucii uy^Jid&e, D rei ipi itJidi UIUUU, IIULfc; Uiy UllUUdiyu nuuiel ditU yrdRUIdieQ 

cytoplasm often seen in this aggressive form of mastocytosis. C This image demonstrates the so-called clear-cell appearance and the folded, somewhat monocytoid nuclei that 
are typical of immature mast cells in mast cell leukaemia. D The bone marrow biopsy is diffusely infiltrated by the neoplastic mast cells. 
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Fig. 3.11 Mast cell sarcoma. A This tumour is composed of poorly differentiated neoplastic cells that show no cytological evidence of mast cell differentiation. B On immunohisto- 
chemistry, the neoplastic cells stain for mast cell tryptase, which confirms the tumour’s mast cell origin. 

ICD-0 code 9741/3 

Synonyms 
Systemic mastocytosis with an associa¬ 

ted clonal haematological non-mast cell 

lineage disease (SH-AHNMD) 

Aggressive systemic mastocytosis 
In aggressive systemic mastocytosis 

(ASM), mast cells in bone marrow 

smears may be increased in number, 

but account for <20% of all nucleated 

bone marrow cells; cases in which the 

percentage of mast cells in bone mar¬ 

row smears is >5% are diagnosed as 

ASM in transformation {4108}. In these 

cases, progression to mast cell leukae¬ 

mia is common. Most patients with ASM 

have no skin lesions. One or more B find¬ 

ings (Table 3.04, p.66) may be detected 

in patients with ASM, indicating a high 

burden of neoplastic cells. In a subset of 

patients, progressive lymphadenopathy 

and eosinophilia are found; these cases 

must be distinguished from myeloid/ 

lymphoid neoplasms with PDGFRA re¬ 

arrangements. The other major differen¬ 

tial diagnoses are smouldering systemic 

mastocytosis and systemic mastocytosis 

with an associated haematological neo¬ 

plasm. Most cases of ASM harbour the 

KIT D816V mutation. Additional muta¬ 

tions in other genes may also be found, 

but are more frequently identified in sys¬ 

temic mastocytosis with an associated 

haematological neoplasm. 

ICD-0 code 9741/3 

Mast cell leukaemia 
Mast cell leukaemia (MCL) is the leukae- 

mic variant of systemic mastocytosis, in 

which bone marrow aspirate smears con¬ 

tain > 20% mast cells {4107}. These mast 

cells are usually immature and atypical. 

Unlike in indolent systemic mastocyto¬ 

sis, the mast cells are often round rather 

than spindle-shaped. In classic mast cell 

leukaemia, mast cells account for > 10% 

of the peripheral white blood cells, but 

the aleukaemic variant (the definition of 

which differs only in that the mast cells 

account for <10% of peripheral blood 

white blood cells) is more common {4107, 

4108). In most patients with mast cell leu¬ 

kaemia, no skin lesions are detectable. 

Bone marrow biopsy shows a diffuse, 

dense infiltration with atypical. Immature 

mast cells. C findings (Table 3.04, p.66), 

indicative of organ damage caused by 

the malignant mast cell infiltration, are 

usually present at diagnosis {4107}, al¬ 

though rare cases present without them. 

Such cases, in which the mast cells are 

often mature and the clinical course less 

aggressive, constitute chronic mast cell 

leukaemia {4108}. In general, however, the 

prognosis of mast cell leukaemia is poor, 

with a survival of < 1 year in most patients. 

Unlike indolent systemic mastocytosis, 

mast cell leukaemia may harbour atypi¬ 

cal KIT mutations, such as non-D816V 

codon 816 mutations or non-codon 816 

mutations. Therefore, if a case of mast cell 

leukaemia is negative for the KIT D8^6\/ 
mutation, KIT should be sequenced if 

possible. Patients with mast cell leukae¬ 

mia may also accumulate mutations in 

other genes, such as TET2, SRSF2 and 

CBL 

ICD-0 code 9742/3 

Synonym 
Systemic tissue mast cell disease 

Mast cell sarcoma 

Definition 
Mast cell sarcoma (MCS) is an extremely 

rare entity characterized by localized 

destructive growth of highly atypical 

mast cells, which can be identified only 

through the application of appropriate 

immunohistochemical markers, such as 

antibodies specific for tryptase and KIT 

(CD117). Although the disease is initially 

localized, distant spread followed by a 

terminal phase resembling mast cell leu¬ 

kaemia occurs after a short interval of 

several months. Mast cell sarcomas have 

been reported occurring in the larynx, large 

bowel, meninges, bone and skin {745,1693, 

2073,3461). 

ICD-0 code 9740/3 

Synonyms 
Malignant mast cell tumour; 

malignant mastocytoma 
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CHAPTER 4 

Myeloid/lymphoid neoplasms 
with eosinophilia and gene rearrangement 

Myeloid/lymphoid neoplasms with 
PDGFRA rearrangement 

Myeloid/lymphoid neoplasms with 
PDGFRB rearrangement 

Myeloid/lymphoid neoplasms with 
FGFR1 rearrangement 

Myeloid/lymphoid neoplasms with PCM1-JAK2 



Myeloid / lymphoid neoplasms with H«ny h p 
eosinophilia and rearrangement of wfeliA* 
PDGFRA, PDGFRB or FGFR1, or with Hasserjian R.P. 

PCM1-JAK2 

The category ‘myeloid/lymphoid neo¬ 

plasms with eosinophilia and rearrange¬ 

ment of PDGFRA: PDGFRB or FGFR1, or 

with PCM1-JAK2' contains three specific 

rare disease groups and a provisional 

entity. Within this category, some features 

are shared and others differ, but all the 

neoplasms result from the formation of a 

fusion gene, or (rarely) from a mutation, 

resulting in the expression of an aberrant 

tyrosine kinase. Eosinophilia is character¬ 

istic but not invariable. In at least some 

cases in each group, the cell of origin is a 

mutated pluripotent (lymphoid-myeloid) 

stem cell. 

These disorders can present as chronic 

myeloproliferative neoplasms (MPNs), 

but the frequency of manifestation as 

lymphoid neoplasms or acute myeloid 

leukaemia varies. The clinical and hae- 

matological features are also influenced 

by the partner gene involved. PDGFRA- 
related disorders usually present as 

chronic eosinophilic leukaemia with 

prominent involvement of the mast cell 

lineage and sometimes the neutrophil 

lineage. Less often, they present as 

acute myeloid leukaemia or T-lympho- 

blastic leukaemia/lymphoma, with ac¬ 

companying eosinophilia in either case. 

Uncommonly, there is B-lymphoblastic 

transformation (4050). In the setting of 

PDGF/TS-related disease, the features of 

the MPN are more variable, but are often 

those of chronic myelomonocytic leukae¬ 

mia with eosinophilia. The proliferation of 

aberrant mast cells can also be a feature. 

Acute transformation is usually myeloid, 

but there have been reports of at least 

two cases of T-lymphoblastic transfor¬ 

mation {726,2977} and one case of un¬ 

specified lymphoblastic transformation 

{2649}. In the setting of FGF/PArelated 

disease, lymphomatous presentations 

are common, in particular T-lymphoblas- 

tic leukaemia/lymphoma with accompa¬ 

nying eosinophilia. Other presentations 

include chronic eosinophilic leukaemia, 

B-iymphoblastic leukaemia/lymphoma. 

Clinical history (including drug history), 
physical examination, full blood count 

showing eosinophiila, blood film, assessment 
of clinical urgency (e.g. very high eosinophil 

count, cardiac damage) 

I 
Assess likely diagnosis 

and investigate 
appropriately 

Investigate for CEL with 
bone marrow aspirate 

and cytogenetic analysis, 
trephine biopsy and 

investigation for 
FIP1L1-PDGFRA 

I 
/ i 

Investigate for reactive 
eosinophilia (including 

T-cell subsets) 

Investigate for reactive 
eosinophilia (including 
T-ceil subsets) (if not 

already done) 

Fig. 4.01 Flow diagram showing the diagnostic process in hypereosinophilia. The definitive diagnoses are shown in 

blue. CEL, chronic eosinophilic leukaemia; HES, hypereosinophilic syndrome. 

and acute myeloid leukaemia. PCM1- 
JAK2-re\a{e6 cases can undergo myelo- 

blastic or B-lymphoblastic transformation 

{230}. 

Recognizing these disorders is impor¬ 

tant, because the aberrant tyrosine ki¬ 

nase activity can make the disease re¬ 

sponsive to tyrosine kinase inhibitors. 

This therapeutic approach has already 

proven successful for the treatment of 

cases of PDGFRA- and PDGFPB-related 

disease, which are responsive to imatinib 

and some related tyrosine kinase inhibi¬ 

tors, and to some extent for the treatment 

of PCM1-JAK2-fe\ate6 disease, which is 

responsive to ruxolitinib. Related cases 

with ETV6-JAK2 or BCR-JAK2 may re¬ 

spond to JAK2 inhibitors. A similar spe¬ 

cific therapy has not yet been developed 

for FGPPPrelated disease. The relevant 

cytogenetic analysis and/or molecular 

genetic analysis should be carried out in 

all cases in which MPN with eosinophilia 

is suspected, as well as in cases present¬ 

ing with an acute leukaemia or lympho¬ 

blastic lymphoma with eosinophilia. The 

identification of PDGFRA-re\a\e6 disease 

usually requires molecular genetic analy¬ 

sis (because most cases result from a 

cryptic deletion), whereas cytogenetic 
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analysis can reveal the causative ab¬ 
normality in cases related to PDGFRB, 
FGFR1, or JAK2. 

Myeloid/lymphoid neoplasms 
with PDGFRA rearrangement 

Definition 
The most common myeloproliferative 
neoplasm assooiated with PDGFRA 
rearrangement is that associated with 
FIP1L1-PDGFRA gene fusion, which 
occurs as a result of a cryptic deletion 
at 4q12 {798} (see Table 4.01). These 
neoplasms generally present as chronic 
eosinophilic leukaemia (CEL), but can 
also present as acute myeloid leukaemia, 
T-lymphoblastic leukaemia/lymphoma, 
or both simultaneously {2650}. Acute 
transformation can follow presentation as 
CEL. Organ damage occurs as a result 
of leukaemic infiltration or the release of 
cytokines, enzymes or other proteins by 
eosinophils and possibly also by mast 
cells. The peripheral blood eosinophil 
count is usually markedly elevated, al¬ 
though it should be noted that, in some 
series of cases, investigation was lim¬ 
ited to cases with eosinophilia. A small 
number of cases that lacked eosinophilia 
have been reported {1829,3450}. There 
is no Philadelphia (Ph) ohromosome or 
BCR-ABL1 fusion gene. Except when 
there is transformation to acute leukae¬ 
mia, there are <20% blasts in the periph¬ 
eral blood and bone marrow. 

Variants 
Several possible molecular variants of 
FIP1L1-PDGFRA-assoc'\aledi CEL have 
been recognized in whieh other fusion 
genes incorporate part of PDGFRA. A 
male patient with imatinib-responsive 
CEL was found to have a KIF5B-PDGFRA 
fusion gene assooiated with a complex 
chromosomal abnormality involving chro¬ 
mosomes 3, 4 and 10 {3598}, and a fe¬ 
male patient had a CDK5RAP2-PDGFRA 
fusion gene associated with ins(9i4) 
(q33;q12q25) {4235}. One case in a male 
patient with t(2;4)(p24;q12) and STRN- 
PDGFRA fusion {849} and another case 
in a male patient with t(4;12)(q12;p13.2) 
and an ETV6-PDGFRA fusion gene, both 
with the haematological features of CEL, 
responded to low-dose imatinib {849}. 
A case with FIP1L1-PDGFRA had the 
features of an atypical myeloproliferative 
neoplasm without eosinophilia {2900}. 

Neoplasms with t(4;22)(q12;q11.2) and 
a BCR-PDGFRA fusion gene, at least 
9 cases of which have been described, 
have disease characteristics intermedi¬ 
ate between those of FIP1L1-PDGFRA- 
associated eosinophilia leukaemia and 
those of SC/T-ASLI-positive chronic 
myeloid leukaemia; eosinophilia may or 
may not be prominent {298,1312,3471, 
4050}. Aocelerated phase, T-lympho¬ 
blastic transformation and B-lympho- 
blastic transformation {298,4050} have 
been reported. The disease is imatinib- 
sensitive {3471,4050} and a tyrosine ki¬ 
nase inhibitor would normally be includ¬ 
ed in the treatment regime. One case has 
been reported of imatinib-sensitive CEL 
associated with t(4;10)(q12;q23.3) and 
TNKS2-PDGFRA {637}. CEL can also re¬ 
sult from an activating point mutation in 
PDGFRA {1093}. 

ICD-0 code 9965/3 

Synonyms 
Myeloid and lymphoid neoplasms with 
PDGFRA rearrangement; myeloid and 
lymphoid neoplasms associated with 
PDGFRA rearrangement 

Epidemiology 
The FIP1L1-PDGFRA syndrome Is rare. 
It is considerably more common in men 
than in women, with a male-to-female 
ratio of about 17:1. The peak inoidence 
is 25 and 55 years, with a median age at 

Table 4.01 Diagnostic criteria for myeloid/lymphoid 
neoplasms with eosinophilia associated with FIP1L1- 
PDGFRA or a variant fusion gene^ 

A myeloid or lymphoid neoplasm, usually with 
prominent eosinophilia 

AND 

The presence of FIP1L1-PDGFRA fusion gene or 
a variant fusion gene with rearrangement of 
PDGFRA or an activating mutation of PDGFRA 

^ Cases presenting as a myeloproliferative neo¬ 
plasm, acute myeloid leukaemia or lymphoblastic 
leukaemia/lymphoma with eosinophilia and 
FIP1L1-PDGFRA gene fusion are assigned to 
this category; 

^ If appropriate molecular analysis is not possible, 
this diagnosis should be suspected if there is a 
myeloproliferative neoplasm with no Philadelphia 
(Ph) chromosome and with the haematologi¬ 
cal features of chronic eosinophilic leukaemia 
associated with splenomegaly, marked elevation 
of serum vitamin B12, elevation of serum 
tryptase, and an increased number of bone 
marrow mast cells. 

Fig. 4.02 FIP1L1-PDGFRA-re\ated chronic eosinophilic 
leukaemia. Peripheral blood smear showing three 
moderately degranulated eosinophils (Romanowsky 
staining). 

onset in the late 40s (range; 7-77 years) 
{233}. 

Etiology 
The cause is unknown, although several 
cases with FIP1L1-PDGFRA have occur¬ 
red following cytotoxic chemotherapy 
{2946,3892}, as did a ease with features 
resembling those of ehronic myeloid 
leukaemia with a BCR-PDGFRA fusion 
gene {3471}. 

Localization 
CEL associated with FIP1L1-PDGFRA is 
a multisystem disorder. The peripheral 
blood and bone marrow are always in¬ 
volved. Tissue infiltration by eosinophils 
and the release of cytokines and humoral 
factors from the eosinophil granules result 
in tissue damage in a number of organs; 
the heart, lungs, central and peripheral 
nervous system, skin and gastrointestinal 
tract are commonly involved. 

Clinical features 
Patients usually present with fatigue or 
pruritus, or with respiratory, cardiac or 
gastrointestinal symptoms {798,2508, 
4147}. Some patients are asymptomatic 
at diagnosis {1605}, but most have sple¬ 
nomegaly and some have hepatomegaly. 
The most serious clinical findings relate 
to endomyocardial fibrosis, with ensuing 
restrictive cardiomyopathy. Scarring of 
the mitral and/or tricuspid valves leads to 
valvular regurgitation and the formation of 
intracardiac thrombi, which may embolize. 
Venous thromboembolism and arterial 
thromboses can also occur. Pulmonary 
disease is restrictive and related to fibrosis; 
symptoms include dyspnoea and cough, 
and there may also be an obstructive ele¬ 
ment. Serum tryptase is elevated (> 12 ng/ 
mL), usually to a lesser extent than in 
mast cell disease but with some overlap. 
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Fig. 4.03 FIP1L1-PDGFRA-re\a\ed chronic eosinophilic leukaemia. A Trephine biopsy section showing abundant 

eosinophiis and eosinophii precursors (Giemsa staining). B Trephine biopsy section showing abundant mast ceils 
- many of which are spindle-shaped - forming smaii ioose clusters (mast cell tryptase staining). C Trephine biopsy 

section showing CD25 expression in the mast celis. 

Serum vitamin B12 is markedly elevated 

|4147}. FIP1L1-PDGFRA-assoc\ate6 CEL 

is very responsive to imatinib; the FIP1L1- 

PDGFRA fusion protein is 100 times as 

sensitive as BCR-ABL1 {798}. 

Microscopy 
The most striking feature in the periph¬ 

eral blood is eosinophilia. Most of the 

eosinophils are mature, with only small 

numbers of eosinophil myelocytes or 

promyelocytes, A range of eosinophil 

abnormalities can be present, includ¬ 

ing sparse granulation with clear areas 

of cytoplasm, cytoplasmic vacuolation, 

granules that are smaller than normal, 

immature granules that are purplish on 

Romanowsky staining, nuclear hyper- or 

hyposegmentation, and increased eosin¬ 

ophil size {798,4147}. However, these ab¬ 

normalities can also be seen in cases of 

reactive eosinophilia {226} and in some 
cases of FIP1L1-PDGFRA-assoc\ateci 
CEL the eosinophil morphology is close 

to normal. Only a minority of patients 

have any increase in the number of pe¬ 

ripheral blast cells {4147}. Neutrophils 

may be increased, whereas basophil 

and monocyte counts are usually normal 

{3378}. Anaemia and thrombocytopenia 

are sometimes present. 
Any tissue may show eosinophilic in¬ 

filtration and Charcot-Leyden crystals 

may be present. The bone marrow is 

hypercellular, with markedly increased 

numbers of eosinophils and precursors. 

In most cases eosinophil maturation is 

orderly (without a disproportionate in¬ 

crease in blasts), but in some cases the 

proportion of blast cells is increased. 

There may be necrosis, particularly 

when the disease is becoming more 

acute {798}. The number of bone marrow 

mast cells seen on trephine biopsy is 

often increased {2045,3055}, and mast 

cell proliferation should be recognized 

as a feature of FIP1L1-PDGFRA-assoc\- 
ated myeloproliferative neoplasm. The 

mast cells may be scattered, in loose 

non-cohesive clusters, or in cohesive 

clusters {2045,3055}. Many cases show 

a marked increase in spindle-shaped 

atypical mast cells, and in some cases 

the morphological features resemble 

those of systemic mastocytosis. Reticu- 

lin is increased {2045}. 

Patients presenting with acute myeloid 

leukaemia or T-lymphoblastic ieukae- 

mia/lymphoma have been reported to 

have coexisting eosinophilia (i.e. periph¬ 

eral blood counts of 1.4-17.2 x 10®/L); 

in most cases, pre-existing eosinophilia 

was also documented {2650), 

Cytochemistry 
Cytochemical stains are not neces¬ 

sary for diagnosis. The reduced granule 

content of the eosinophils can result in 

reduced peroxidase content and inaccu¬ 

rate automated eosinophil counts. 
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Immunophenotype 
The eosinophils in this syndrome may 

show immunophenotypic evidence of 

activation, such as expression of CD23, 

CD25 and CD69 {2045). The mast cells 

are usually CD2-negative and CD25- 

positive {2044), but in some cases they 

are negative for both {2650) and in oc¬ 

casional cases they are positive for both 

{2650), In comparison, the mast cells of 

systemic mastocytosis are CD25-posi- 

tive in almost all cases and CD2-positive 

in about two thirds of cases. 

Cell of origin 
The cell of origin is a pluripotent hae¬ 

matopoietic stem cell that can give rise 

to eosinophils and (at least in some pa¬ 

tients) neutrophils, monocytes, mast 

cells, T cells and B cells {3378). The de¬ 

tection of the fusion gene in a given line¬ 

age does not necessarily correlate with 

morphological evidence of involvement 

of that lineage. For example, lymphocy¬ 

tosis is not typical, even in cases with 

apparent involvement of the B-cell or T- 

cell lineage {3378). In chronic-phase dis¬ 

ease, involvement is predominantly of eo¬ 

sinophils and to a lesser extent mast cells 

and neutrophils. Acute-phase disease 

can be myeloid, T-lymphoblastic {2650), 

or (rarely) B-lymphoblastic {4050), 

Genetic profile 
Cytogenetic findings are usually normal, 

with the FIP1L1-PDGFRA fusion gene 

resulting from a cryptic del(4)(q12). In 

some patients, there is a chromosomal 

rearrangement with a 4q12 breakpoint, 

such as t(1;4)(q44;q12) {798) or t(4;10) 

(q12;p11.1-p11.2) {3907). In other pa¬ 

tients, there is an unrelated cytogenetic 

abnormality (e.g. trisomy 8), which is 

likely to represent disease evolution. 

The fusion gene can be detected by re¬ 

verse transcriptase-polymerase chain 

reaction (RT-PCR), with nested RT-PCR 

often being required {798). The causa¬ 

tive deletion can also be detected by 

FISH analysis, often using a probe for 

the CHIC2 gene (which is uniformly de¬ 

leted) or using a break-apart probe that 

encompasses FIP1L1 and PDGFRA. 
Because most patients do not have in¬ 

creased blast cells or any abnormality 

on conventional cytogenetic analysis, it 

is usually the detection of the FIP1L1- 
PDGFRA fusion gene that enables the 

definitive diagnosis of this neoplasm. 

Cytogenetic abnormalities appear to be 

more common when evolution to acute 

myeloid leukaemia has occurred {2650), 

Prognosis and predictive factors 
Because FIP1L1-PDGFRA-assoc\ate6 
CEL and its responsiveness to imatinib 

were not recognized until 2003 {798), 

the long-term prognosis is still unknown. 

However, the prognosis appears to be 

favourable if cardiac damage has not 

yet occurred and imatinib treatment is 

available. Imatinib resistance can devel¬ 

op (e.g, as a result of a T674I mutation, 

which is equivalent to the T315I mutation 

that can occur in the BCR-ABL1 gene) 

{798,1461). Alternative tyrosine kinase 

inhibitors such as midostaurin (PKC412) 

and sorafenib may be effective in these 

patients (800,2326,3806). Patients pre¬ 

senting with acute myeloid leukaemia or 

T-lymphoblastic leukaemia can achieve 

sustained complete molecular remission 

with imatinib (2650). 

Myeloid/lymphoid neoplasms 
with PDGFRB rearrangement 

Definition 
A distinct type of myeloid neoplasm oc¬ 

curs in association with rearrangement 

of PDGFRB at 5q32 (see Table 4.02). 

Usually there is t(5;12)(q32;p13.2) with 

formation of an ETV6-PDGFRB fusion 

gene (1398,1980), In uncommon vari¬ 

ants, other translocations with a 5q32 

breakpoint lead to the formation of 

other fusion genes, also incorporat¬ 

ing part of PDGFRB (see Table 4.03, 

p, 77). However, fusion genes typically 

associated only with BCR-ABL1-\\ke B- 

lymphoblastic leukaemia are specifically 

excluded from this category; these in¬ 

clude EBF1-PDGFRB, SSBP2-PDGERB, 
TNIP1-PDGFRB, ZEB2-PDGFRB and 

ATE7IP-PDGFRB (2059,3370). Cases 

with ETV6-PDGFRB that present as 

BCR-ABL1-\\ke B-lymphoblastic leu¬ 

kaemia may be more appropriately as¬ 

signed to that category. In cases with 

t(5;12) and in the variant translocations, 

there is synthesis of an aberrant, con- 

stitutively activated tyrosine kinase. The 

haematological features are most often 

those of chronic myelomonocytic leu¬ 

kaemia (usually with eosinophilia), but 

some cases have been characterized 

as atypical chronic myeloid leukaemia, 

BCR-ABU-negaiwe (usually with eosin¬ 

ophilia), chronic eosinophilic leukaemia 

Table 4.02 Diagnostic criteria for myeloid/lymphoid 

neoplasms associated with ETV6-PDGFRB or 

other rearrangement of PDGFRB^ 

A myeloid or lymphoid neoplasm, 

often with prominent eosinophilia and sometimes 

with neutrophilia or monocytosis 

AND 

Presence of t(5;12)(q32;p13.2) ora variant trans¬ 

location^'*’ or demonstration of ETV6-PDGFRB 

fusion gene or other rearrangement of PDGFRB 

^ Cases with fusion genes typically associated only 

with BCR-ABL1-\\ke B-lymphoblastic leukaemia 

are specifically excluded (see text); 

Because t(5;12)(q32;p13.2) does not always result 

in ETV6-PDGFRB fusion, molecular confirmation 

is highly desirable; if molecular analysis is not 

possible, this diagnosis should be suspected if 

there is a myeloproliferative neoplasm associated 

with eosinophilia, with no Philadelphia (Ph) 

chromosome and with a translocation with a 5q32 

breakpoint. 

or myeloproliferative neoplasm (MPN) 

with eosinophilia {233,3776). Single cas¬ 

es have been reported of acute myeloid 

leukaemia, probably superimposed on 

primary myelofibrosis (4013), and of ju¬ 

venile myelomonocytic leukaemia (2728), 

the latter associated with a variant fusion 

gene. Eosinophilia is typical but not in¬ 

variable (3776). Acute transformation can 

occur, often in a relatively short period of 

time. MPNswith PDGFRB rearrangement 

are sensitive to tyrosine kinase inhibitors 

such as imatinib (123). 

Variants 
A number of molecular variants of MPNs 

with ETV6-PDGFRB fusion have been re¬ 

ported (233,3776). In addition, a patient 

who developed eosinophilia at relapse 

of acute myeloid leukaemia was found 

to have acquired t(5;14)(q32;q32.1), with 

a TRIP11-PDGFRB fusion gene. Other 

patients have rearrangement of PDGFRB 
with an unknown partner gene. Complex 

rearrangements appear to be common 

(e.g. a small inversion as well as translo¬ 

cation) {3776). Because of the therapeutic 

implications of PDGFRB rearrangement, 

FISH (break-apart FISH with a PDGFRB 
probe) is indicated in all patients with a 

presumptive diagnosis of MPN with a 

5q31-33 breakpoint, in particular if there 

is eosinophilia. However, FISH analysis 

does not always demonstrate rearrange¬ 

ment of PDGFRB, even when such re¬ 

arrangement is detectable on Southern 

blot analysis (3776), Molecular analysis 
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Fig.4.04 Myeloid neoplasm with eosinophilia and rearrangement of PDGFRB. A Bone marrow trephine biopsy 

section from a patient with t(5;12) shows a marked increase in eosinophils. B Peripheral blood smear from a patient 

with t(5;12) shows numerous abnormal eosinophils, at lower (B) and higher (C) magnification. Eosinophils accounted 

for 40% of the leukocytes. 

is not indicated when no 5q31-33 break¬ 

point is found by conventional cytoge¬ 

netic analysis, because almost all cases 

reported to date In which 20 metaphases 

were available for examination have had 

a cytogenetically detectable abnormality. 

ICD-0 code 9966/3 

Synonyms 
Chronic myelomonocytic leukaemia with 

eosinophilia associated with t(5;12); mye¬ 

loid neoplasms with PDGFRB rearrange¬ 

ment; myeloid neoplasms associated 

with PDGFRB rearrangement 

Epidemiology 
This neoplasm Is considerably more 

common in men than in women (male-to- 

female ratio: 2:1) and occurs over a wide 

age range (8-72 years), with peak inci¬ 

dence in middle-aged adults and a me¬ 

dian age of onset in the late 40s {3776), 

Localization 
MPN associated with t(5;12)(q32;p13.2) 

is a multisystem disorder. The periph¬ 

eral blood and bone marrow are always 

Involved. The spleen Is enlarged In most 

cases. Tissue infiltration by eosinophils 

and the release of cytokines, humoral 

factors or granule contents by eosino¬ 

phils can contribute to tissue damage In 

several organs. 

Clinical features 
Most patients have splenomegaly and 

some have hepatomegaly. Some patients 

have skin infiltration and some have car¬ 

diac damage leading to cardiac failure. 

Serum tryptase may be mildly or moder¬ 

ately elevated. The vast majority of pa¬ 

tients who have been treated with imatin- 

ib have been found to be responsive. 

Microscopy 
The white blood cell count is increased. 

There may be anaemia and thrombocy¬ 

topenia. There is a variable increase in 

neutrophils, eosinophils, monocytes and 

eosinophil and neutrophil precursors. 

Rarely, there is a marked increase in ba¬ 

sophils (4236). 

The bone marrow is hypercellular as a re¬ 

sult of active granulopoiesis (neutrophilic 

and eosinophilic). Bone marrow trephine 

biopsy may show an increase in mast 

cells, which may be spindle-shaped 

(858,4236). Bone marrow reticulin may 

also be increased {4236). In chronic- ■ 
phase disease, blast cells account for i 

< 20% of the cells in the peripheral blood 

and bone marrow. 

Cytochemistry 
The eosinophils, neutrophils and mono¬ 

cytes show the cytochemical reactions , 

expected for cells of these lineages. ; 

Immunophenotype i 
Immunophenotypic analysis of the mast 

cells has shown expression of CD2 and 

CD25, which is also found in most cases 

of mast cell disease (4236). j 

Cell of origin ' 
The postulated cell of origin is a pluri- ; 

potent haematopoietic stem cell that 

can give rise to neutrophils, mono- j 

cytes, eosinophils, probably mast cells 

and (in some patients) B-cell lineage 

lymphoblasts. 

Genetic profile 
Cytogenetic analysis usually shows ' 

t(5;12)(q32;p13.2), with the translocation i 

resulting in ETV6-PDGFRB gene fusion l 

(1398) (previously called TEL-PDGFRB). [ 
In one patient, ETV6-PDGFRB fusion 

resulted from a four-way translocation: 

t(1;12;5;12)(p36;p13.2;q32;q24) (835); 

in another, the fusion occurred in asso- i 

ciation with ins(2;12)(p21;q13;q22) (883), 

The 5q breakpoint is sometimes as¬ 

signed to 5q31 and sometimes to 5q33, - 

although the gene map locus of PDGFRB 
is 5q32. -I 
Not all translocations characterized ' 

as t(5;12)(q31-33;p12) lead to ETV6- ' 

PDGFRB fusion. Cases without a fusion 

gene are not assigned to this category 

of MPN and, importantly, are not likely > 

to respond to imatinib; in such cases, 

an alternative leukaemogenic mecha¬ 

nism is upregulation of interleukin 3 

(IL3) (799). Therefore, RT-PCR using ; 

primers suitable for all known break¬ 

points is recommended for confirma¬ 

tion of ETV6-PDGFRB (850), but if mo¬ 

lecular analysis is not available, a trial 

of imatinib is justified in patients with an 

MPN associated with t(5;12). Due to the 

large number of potential partner genes, | 

molecular analysis to demonstrate variant 

fusion genes is only feasible after a trans¬ 

location has been shown by cytogenetic 

analysis. If subsequent monitoring of 

treatment response is planned, the fusion 

76 Myeloid/lymphoid neoplasms with eosinophilia and gene rearrangement 



Table 4.03 Variant translocation-associated myeloid/lymphoid neoplasms with PDGFRB rearrangement^. 
Modified from Bain BJ and Fletcher SH {233} 

Translocation Fusion gene Haematoiogicai diagnosis 

t(1;3;5)(p36;p22,2;q32) WDR48-PDGFRB CEL 

der(1)t(1;5)(p34;q32), 

der(5)t(1;5)(p34;q15), 

der(11)ins(11;5)(p13;q15q32) 
CAPRIN1- PDGFRB CEL 

t(1;5)(q21.3;q32) TPM3-PDGFRB 

t(1;5)(q21.2;q32) PDE4DIP-PDGFRB MDS/MPN with eosinophilia 

t(2;5)(p16,2;q32) SPTBN1-PDGFRB 

t(4;5;5)(q21,2;q31;q32) PRKG2-PDGFRB Chronic basophilic leukaemia 

t(3;5)(p22.2;q32) GOLGA4-PDGFRB CEL or aCML with eosinophilia 

Cryptic interstitial deletion of 5q TNIP1-PDGFRB CEL with thrombocytosis 

t(5;7)(q32;q11.2) HIP1-PDGFRB CMML with eosinophilia 

t(5;7)(q32;p14.1) HECW1-PDGFRB JMML 

t(5;9)(q32;p24.3) KANK1-PDGFRB Essential thrombocythaemia without eosinophilia 

t(5;10)(q32;q21,2) CCDC6-PDGFRB aCML with eosinophilia or MPN with eosinophilia 

Uninformative SART3-PDGFRB MPN with eosinophilia and myelofibrosis 

t(5;12)(q32;q24,1) GIT2-PDGFRB CEL 

t(5;12)(q32;p13.3) ERC1- PDGFRB AML without eosinophilia 

t(5;12)(q32;q13.1) BIN2-PDGFRB aCML with eosinophilia 

t(5;14)(q32;q22.1) NIN-PDGFRB Ph-negative CML (13% eosinophils) 

t(5;14)(q32;q32.1) CCDC88C-PDGFRB CMML with eosinophilia 

t(5;15)(q32;q15.3) TP53BP1-PDGFRB Ph-negative CML with prominent eosinophilia 

t(5;16)(q32;p13,1) NDE1-PDGFRB CMML 

t(5;17)(q32;p13.2) RABEP1-PDGFRB CMML 

t(5;17)(q32;p11,2) SPECC1-PDGFRB JMML 

t(5;17)(q32;q11,2) MY018A-PDGFRB MPN with eosinophilia 

t(5;17)(q32;q21.3) COL1A1-PDGFRB MDS or MPN with eosinophilia 

t(5;20)(q32;p11,2) DTD1-PDGFRB CEL 

aCML, atypical chronic myeloid leukaemia, BCR-ABL1-negaWye; AML, acute myeloid leukaemia; 

CEL, chronic eosinophilic leukaemia; CML, chronic myeloid leukaemia; CMML, chronic myelomonocytic 

leukaemia; JMML, juvenile myelomonocytic leukaemia; MDS, myelodysplastic syndrome; 

MDS/MPN, myelodysplastic myeloproliferative neoplasm; MPN, myeloproliferative neoplasm; 

Ph, Philadelphia chromosome. 

^ Cases with fusion genes typically associated only with BCR-ABL1-\\ke B-lymphoblastic leukaemia 

are specifically excluded (see text). 

gene should be characterized at diagno¬ 

sis by RT-PCR or RNA sequencing. 

Prognosis and predictive factors 
Before the introduction of imatinib ther¬ 

apy, the median survival was <2 years. 

Reliable survival data are not yet avail¬ 

able for imatinib-treated patients, but 

in a small series (10 cases) the median 

survival was 65 months {883}, Median 

survival is likely to improve as patients 

are increasingly identified and started on 

appropriate treatment at the time of diag¬ 

nosis rather than after cardiac damage or 

transformation has already occurred. 

Myeloid/lymphoid neoplasms 
with FGFR1 rearrangement 

Definition 
Haematological neoplasms with FGFR1 
rearrangement are heterogeneous. They 

are derived from a pluripotent haemato¬ 

poietic stem cell; however, in different 

patients or at different stages of the dis¬ 

ease the neoplastic cells may be pre¬ 

cursor cells or mature cells. Cases can 

present as a myeloproliferative neoplasm 

or (in transformation) as acute myeloid 

leukaemia, T- or B-lymphoblastic leu¬ 

kaemia/lymphoma or mixed-phenotype 

acute leukaemia (see Table 4.04, p.78). 

In one reported case, there was coex¬ 

isting atypical chronic myeloid leukae¬ 

mia, BCR-ABU-negatWe, with t(8;19) 

(p11.2;q13,1) and KIT D816V-positive 

systemic mastocytosis (1051}. Such cas¬ 

es, which are rare, can be classified as 

systemic mastocytosis with an associ¬ 

ated haematological neoplasm. 

ICD-0 code 9967/3 

Synonyms 
8p11 myeloproliferative syndrome; 8p11 

stem cell syndrome; 8p11 stem cell leu¬ 

kaemia/lymphoma syndrome; haemat¬ 

opoietic stem cell neoplasm with FGFR1 
abnormalities; myeloid and lymphoid 

neoplasms with FGFR1 abnormalities 

Epidemiology 
This neoplasm occurs across a wide age 

range (3-84 years), but most patients 

are young, with a median age at onset 

of about 32 years {2424}, Unlike in mye¬ 

loid/lymphoid neoplasms with PDGFRA 
or PDGFRB rearrangement, there is only 

a moderate male predominance, with a 

male-to-female ratio of 1.5:1. 

Localization 
The tissues primarily involved are the 

bone marrow, peripheral blood, lymph 

nodes, liver and spleen. Lymphadeno- 

pathy occurs as a result of infiltration by 

either lymphoblasts or myeloid cells. 

Clinical features 
Some cases present as lymphoma with 

mainly lymph node involvement or with 

a mediastinal mass; others present with 

myeloproliferative features, such as 

splenomegaly and hypermetabolism, or 

with features of acute myeloid leukae¬ 

mia or myeloid sarcoma {15,1760,2424, 

Myeloid/lymphoid neoplasms with FGFR1 rearrangement 77 



Table 4.04 Diagnostic criteria for myeloid/lymphoid 

neoplasms with FGFR1 rearrangement 

A myeloproliferative or myelodysplastic/myelo- 

proliferative neoplasm with prominent eosinophilia 

and sometimes with neutrophilia or monocytosis 

OR 

Acute myeloid leukaemia, T- or B-lymphoblastic 

leukaemia/lymphoma, or mixed-phenotype acute 

leukaemia (usually associated with peripheral 

blood or bone marrow eosinophilia) 

AND 

The presence of t(8;13)(p11.2;q12) or a variant 

translocation leading to FGFR1 rearrangement, 

demonstrated in myeloid cells, lymphoblasts 

or both 

4167). Systemic symptoms such as fever, 

weight loss and night sweats are often 

present (233). 

Microscopy 
Cases can present as chronic eosino¬ 

philic leukaemia, acute myeloid leukae¬ 

mia, T-lymphoblastic leukaemia/iym- 

phoma, or (least often) B-lymphoblastic 

leukaemia/lymphoma or mixed-pheno¬ 

type acute leukaemia. In cases that pre¬ 

sent with chronic eosinophilic leukaemia, 

there may be subsequent transformation 

to acute myeloid leukaemia (including 

myeloid sarcoma), T- or B-lymphoblastic 

leukaemia/lymphoma, or mixed-pheno¬ 

type acute leukaemia. Lymphoblastic 

lymphoma appears to be more common 

in patients with t(8;13) than in those with 

variant translocations (2424). Patients 

who present in the chronic phase usually 

have eosinophilia and neutrophilia and 

occasionally have monocytosis. Those 

who present in acute transformation are 

also often found to have eosinophilia. 

Overall, about 90% of patients have pe¬ 

ripheral blood or bone marrow eosino¬ 

philia (2424). The eosinophils belong to 

the neoplastic clone, as do the lympho¬ 

blasts and myeloblasts in cases in acute 

transformation. Basophilia is not typical, 

but may be more common in cases with 

BCR-FGFR1 fusion {3429}, and has also 

been observed in association with t(1;8) 

(q31.1;p11.2) and TPR-FGFR1 {2298}. 

An association with polycythaemia 

vera has been reported in 3 cases with 

\{6:8)/FGFR10P-FGFR1 fusion {3217, 

4207}. 

T-lymphoblastic leukaemia/lymphoma 

characteristically shows eosinophilic in¬ 

filtration within the lymphoma, which can 

be a clue to this diagnosis. 

Cases should be classified as leukae¬ 

mia/lymphoma associated with FGFR1 
rearrangement, followed by further de¬ 

tails of the specific presentation; for ex¬ 

ample, ‘leukaemia/lymphoma associ¬ 

ated with FGFR1 rearrangement/chronic 

eosinophilic leukaemia, T-lymphoblastic 

leukaemia/lymphoma’ or ‘leukaemia/ 

lymphoma associated with FGFR1 
rearrangement/myeloid sarcoma’. 

Cytochemistry 
The neutrophil alkaline phosphatase 

score is often low, but cytochemistry is 

not diagnostically useful {2298}, 

Immunophenotype 
Immunophenotypic analysis is not useful 

in chronic phase disease, but is impor¬ 

tant in demonstrating the lineage in B- or 

T-lymphoblastic leukaemia/lymphoma 

and in acute myeloid transformation. 

Cell of origin 
A pluripotent lymphoid-myeloid haemato¬ 

poietic stem ceil 

Table 4.05 Cytogenetics (chromosomal rearrange¬ 

ments) and molecular genetics (fusion genes) reported 

in myeloid/lymphoid neoplasms with FGFR1 rearrange¬ 

ment. Modified from Bain BJ and Fletcher SH (233), 

Macdonald D et al. {2424} 

Cytogenetics Molecular genetics 

t(8;13)(p11.2;q12,1) ZMYM2-FGFR1 

t(8;9)(p11.2;q33,2) CNTRL-FGFR1 

t(6:8)(q27;p11.2) FGFR10P-FGFR1 

t(8;22)(p11.2;q11,2) BCR-FGFR1 

t(7;8)(q33;p11.2) TRIM24-FGFR1 

t(8;17)(p11.2;q11.2) MY018A-FGFR1 

t(8;19)(p11.2;q13.3) HERVK-FGFR1 

ins(12;8)(p11.2;p11.2;p22) FGFR10P2-FGFR1 

t(1;8)(q31.1;p11.2) TPR-FGFR1 

t(2;8)(q13;p11.2) RANBP2-FGFR1 

t(2;8)(q37.3;p11.2) LRRFIP1-FGFR1 

t(7;8)(q22.1;p11.2) CUX1-FGFR1 

t(8;12)(p11.2;q15) CPSF6-FGFR1 

® FGFR1 rearrangement has also been found in 

association with t(8;12)(p11.2;q15) and 

t(8;17)(p11.2;q25), but the suspected involvement 

of FGFR1 in t(8;11)(p11.1-p11.2;p15) was not 

confirmed. 

Genetic profile 
A variety of translocations with an 8p11 

breakpoint can underlie this syndrome. 

Secondary cytogenetic abnormalities 

(most commonly trisomy 21) also occur. 

Depending on the partner chromosome, 

a variety of fusion genes incorporating 

part of FGFR1 can be formed. All such 

fusion genes encode an aberrant tyros¬ 

ine kinase (see Table 4,05), 

Prognosis and predictive factors 
Due to the high incidence of transforma¬ 

tion, the prognosis is poor, even for pa¬ 

tients presenting in the chronic phase. 

There is no established tyrosine kinase i 

inhibitor therapy for myeloproliferative 

neoplasms with FGFR1 rearrangement, 

although midostaurin (PKC412) was 

effective in one case {673}. Interferon has 

induced a cytogenetic response in sev- i 

oral cases {2424,2532A}. Until a specific ' 

therapy has been developed, haemato¬ 

poietic stem cell transplantation should 

be considered even for patients who pre¬ 

sent in the chronic phase. 

Myeloid/lymphoid neoplasms 
with PCM1-JAK2 

Definition 
Myeloid and lymphoid neoplasms asso¬ 

ciated with t(8;9)(p22;p24.1) {3799} and ■ 
PCM1-JAK2 {3337} share characteristic 

features that justify the recognition of this 

group as a provisional entity {230}. 

The haematological features may be 

those characteristic of a myeloprolifera¬ 

tive neoplasm (e.g. chronic eosinophilic 

leukaemia or primary myelofibrosis) or 

those characteristic of a myelodysplastic/ 

myeloproliferative neoplasm (e.g. atypi- | 

cal chronic myeloid leukaemia, BCR- 
ASLI-negative), often with eosinophilia. 

Acute myeloid transformation can occur; ^ 

in addition, one patient presented with ' 

B-lymphoblastic leukaemia {3337}, two 

patients experienced B-lymphoblastic 

transformation {1656,3108} and one 

patient presented with T-lymphoblastic 

lymphoma {25}. Another patient devel¬ 

oped a constellation of T-cell lineage 
neoplasms {1084}. 

Variants 
Cases with translocations resulting in a 

fusion gene between JAK2 and an al¬ 

ternative partner - specifically, t(9;12) 

(p24,1;p13.2) resulting in ETV6-JAK2and 
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Fig.4.05 Myeloid/lymphoid neoplasm with PCM1-JAK2. Trephine biopsy section. Hypercellular bone marrow 

with increased granulopoiesis and numerous eosinophilic forms, associated with a sheet-like proliferation of 

proerythroblasts (at far right). 

t(9i22)(p24,1;q11.2) resulting in BCR- 
JAK2 - may be considered variants of 

this provisional entity (230). Both of these 

groups of disorders are more heteroge¬ 

neous than are cases with PCM1-JAK2. 
Among the small number of reported 

cases with ETV6-JAK2, B- and T-lymph- 

oblastic leukaemia/lymphoma have 

been common, but myeloid neoplasms 

(including myelodysplastic syndromes) 

have also been reported; eosinophilia 

has not been commonly observed {230}. 

Cases of B-lymphoblastic leukaemia/ 

lymphoma associated with ETV6-JAK2 
may have the features of BCR-ABL1-\\ke 
lymphoblastic leukaemia {3370). Most of 

the few reported cases with BCR-JAK2 
have been myeloid neoplasms (most 

commonly atypical chronic myeloid leu¬ 

kaemia, BCR-ABU-negative), but there 

have also been 3 reported cases of 

B-lymphoblastic leukaemia/lymphoma 

{230,3370}, which may also have the fea¬ 

tures of BCR-ABU-Wke lymphoblastic 

leukaemia {3370}. 

ICD-0 code 9968/3 

Epidemiology 
There is a marked male predominance, 

with a male-to-female ratio of 27:5, and a 

wide age range (12-75 years), with a me¬ 

dian age of 47 years {230}. 

Localization 
The peripheral blood and bone marrow 

are involved. 

Clinical features 
Patients often have hepatospienomegaly. 

Microscopy 
The haematological features often in¬ 

clude eosinophilia, and neutrophil pre¬ 

cursors may be present in the peripheral 

blood. Some cases have the haemato¬ 

logical features of chronic eosinophilic 

leukaemia. Monocytosis is uncommon, 

and an increase in basophils is only 

occasionally observed. There may be 

dyserythropoiesis (which is often promi¬ 

nent) and dysgranulopoiesis, Erythro- 

poiesis may be considerably increased. 

There may be sheets of proerythroblasts, 

as seen in acute leukaemia. There have 

been reports of several cases with fea¬ 

tures similar to those of primary myelofi¬ 

brosis, and other patients have shown 

bone marrow fibrosis, 

Immunophenotype 
Immunophenotypic analysis is useful 

in characterizing any lymphoid compo¬ 

nent and in cases with acute myeloid 

transformation. 

Cell of origin 
For PCM1-JAK2-felated cases, the pos¬ 

tulated cell of origin is a pluripotent hae¬ 

matopoietic stem cell that can give rise 

to neutrophils, eosinophils, and T- and 

B-lineage cells. Cases with variant fusion 

genes are also thought to arise from a 

pluripotent haematopoietic stem cell. 

Genetic profile 
More than 30 cases with t(8;9)(p22;p24.1) 

and resulting PCM1-JAK2 fusion have 

been reported {230}, To date, smaller 

numbers of cases with other fusion 

genes involving JAK2 have been report¬ 

ed: 8 cases with t(9;12)(p24.1;p13.2) and 

ETV6-JAK2 and 11 cases with t(9i22) 

(p24.1;q11.2) and BCR-JAK2 {230}; 

some of these cases are BCR-ABL1-\\ke 
B-lymphoblastic leukaemia/lymphoma 

and may be best categorized with other 

cases of BCR-ABL1-\\ke B-lymphoblas- 

tic leukaemia/lymphoma. 

Prognosis and predictive factors 
Survival is highly variable; for patients 

presenting in the chronic phase, it rang¬ 

es from a matter of days to many years. 

The prognosis is also quite variable for 

cases presenting as acute leukaemia or 

with acute transformation, ranging from a 

few weeks to >5 years (or longer when 

haematopoietic stem cell transplantation 

is possible). Other than acute phase dis¬ 

ease, no predictive factors are known. 
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CHAPTER 5 

Myelodysplastic/myeloproliferative neoplasms 

Chronic myelomonocytic leukaemia 

Atypical chronic myeloid leukaemia, 
BCR-AEL 7-negative 

Juvenile myelomonocytic leukaemia 

Myelodysplastic/myeloproliferative neoplasm with 
ring sideroblasts and thrombocytosis 

Myelodysplastic/myeloproliferative neoplasm, 
unclassifiable 



Chronic myelomonocytic leukaemia Orazi A. 

Bennett J.M. 

Germing U. 

Brunning R.D. 

Bain B.J. 

Cazzola M 

Foucar K, 

Thiele J. 

Definition 
Chronic myelomonocytic leukaemia 

(CMML) is a clonal haematopoietic ma¬ 

lignancy with features of both a mye¬ 

loproliferative neoplasm (MPN) and a 

myelodysplastic syndrome (MDS), The 

diagnostic criteria for this entity are listed 

in Table 5.01. 

On the basis of the percentage of blasts 

and promonocytes in the blood and bone 

marrow (see Microscopy), CMML cases 

can be further divided into three subcat¬ 

egories: CMML-0, CMML-1 and CMML-2. 

The clinical, haematological, and mor¬ 

phological features of CMML are hetero¬ 

geneous, varying along a spectrum from 

predominantly myelodysplastic to mainly 

myeloproliferative in nature. Unlike BCR- 
ASLf-negative MPN, the JAK2V6MF 
mutation is uncommon in CMML {1863, 

3775). 

Rarely, cases previously diagnosed as 

MDS or MPN show evolution to a CMML- 

like phenotype (404,4245); because this 

evolution constitutes disease progres¬ 

sion, such cases should not be classified 

as CMML. Therapy-related CMML is dis¬ 

cussed separately (see Therapy-related 
myeloid neoplasms, p. 153). 

ICD-0 codes 
Chronic myelomonocytic leukaemia 

9945/3 

Chronic myelomonocytic leukaemia-0 

9945/3 

Chronic myelomonocytic leukaemia-1 

9945/3 

Chronic myelomonocytic leukaemia-2 

9945/3 

Synonyms 
Chronic myelomonocytic leukaemia, type I; 

chronic myelomonocytic leukaemia, type 

II; chronic myelomonocytic leukaemia in 

transformation (obsolete); chronic myelo¬ 

monocytic leukaemia, NOS 

Epidemiology 
There are few reliable incidence data for 

CMML; in some epidemiological surveys, 

CMML has been grouped with chronic 

myeloid leukaemias and in others it has 

been considered an MDS subtype. In one 

study, in which CMML accounted for 31% 

of the cases of MDS, the annual incidence 

of MDS was estimated to be approxi¬ 

mately 12.8 cases per 100 000 popula¬ 

tion (4327). An epidemiological report on 

a well-defined population, with central¬ 

ized morphology review, reported a much 

lower age-standardized annual incidence 

(0.41 cases per 100 000 population) and a 

crude prevalence of 1.05-1.94 cases per 

100 000 population (2854). This incidence 

rate was confirmed by a recent study that 

found an annual incidence in 2008-2010 

of 0.4 cases per 100 000 population (999); 

in this study, the annual incidence of 

CMML was highest in patients aged 

>80 years (3.8 cases per 100 000 popula¬ 

tion) and higher in males (0.5 cases per 

100 000 males; 95% Cl: 0.4-0.6) than in 

females (0.2 cases per 100 000 females; 

95% Cl: 0.2-0.3). The median patient age 

at diagnosis is 65-75 years, with a male-to- 

female ratio of 1.5-3:1 (1334,3719,3805). 

Etiology 
The etiology of CMML is unknown. 

Occupational and environmental carcin¬ 

ogens and ionizing irradiation are pos¬ 

sible causes in some cases (196,3686). 

Therapy-related CMML also exists (3872) 

(see Therapy-related myeloid neoplasms, 
p. 153). 

Localization 
The blood and bone marrow are always 

involved. The spleen, liver, skin and 

lymph nodes are the most common sites 

of extramedullary leukaemic infiltration 

(1334,4206), but other organs can also 

be involved (3819). 

Clinical features 
Half or more of all cases present with an 

increased white blood cell (WBC) count. 

In the remaining eases, the WBC count 

is normal or slightly decreased (with 

variable neutropenia), and the disease 

resembles MDS. Although once consid- 

Table 5.01 Diagnostic criteria for chronic myelomonocytic leukaemia (CMML) 

1. Persistent peripheral blood monocytosis (>1 x 10^/L) with monocytes accounting for 

^10% of the leukocytes 

2. WHO criteria for BCR-ABU-posWim chronic myeloid leukaemia, primary myelofibrosis, 

polycythaemia vera and essential thrombocythaemia® are not met 

3. No rearrangement of PDGFRA, PDGFRB or FGFR1 and no PCM1-JAK2 (which should be specifically 

excluded in cases with eosinophilia) 

4. Blasts*’ constitute < 20% of the cells in the peripheral blood and bone marrow 

5. Dysplasia involving > 1 myeloid lineages 

or 

If myelodysplasia is absent or minimal, criteria 1-4 are met and: 

- an acquired, clonal cytogenetic or molecular genetic abnormality is present in haematopoietic cells'’ 

or 

- the monocytosis has persisted for ^3 months and all other causes of monocytosis 

(e.g. malignancy, infection, and inflammation) have been excluded 

^ Myeloproliferative neoplasms (MPN) can be associated with monocytosis or it can develop during the course 

of the disease; such cases can mimic CMML. In these rare instances, a documented history of MPN excludes 

CMML, whereas the presence of MPN features in the bone marrow and/or MPN-associated mutations (in 

JAK2, CALR orMPL) tends to support MPN with monocytosis rather than CMML. 

Blasts and blast equivalents include myeloblasts, monoblasts and promonocytes. Promonocytes are monocytic 

precursors with abundant light-grey or slightly basophilic cytoplasm with a few scattered fine lilac-coloured 

granules, finely distributed stippled nuclear chromatin, variably prominent nucleoli and delicate nuclear folding 

or creasing. Abnormal monocytes, which can be present in both the peripheral blood and the bone marrow, 

are excluded from the blast count (see Introduction and overview of the classification of myeloid neoplasms, 

Fig. 1.04, p. 18). 

In the appropriate clinical context, mutations in genes often associated with CMML (e.g. TET2, SRSF2, 

ASXL1 and SETBP1) support the diagnosis. However, some of these mutations can be age-related or present 

in other neoplasms; therefore, these genetic findings must be interpreted with caution. 
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Fig, 5.01 Chronic myelomonocytic leukaemia-1. A With Wright-Giemsa staining in this bone marrow aspirate smear, the dysplastic granulocytic component is obvious, but the 

monocytic component is more difficult to identify. B The monocytic component can be highlighted with special staining: naphthol AS-D chloroacetate esterase (CAE) reaction 

combined with alpha-naphthyl butyrate esterase stains monocytes brown, neutrophils blue and myelomonocytic cells a mixture of blue and brown. C CD163 immunostaining of 

a bone marrow biopsy section shows positivity in scattered monocytic cells and strong staining of the bone marrow macrophages. Immunohistochemistry can be used to identify 

monocytes in tissue sections, but is less sensitive than cytochemistry applied to bone marrow aspirate smears. 

ered to be controversial, the subdivision 

of CMML into dysplastic (WBC count 

<13x10®/L) and proliferative (WBC 

count > 13 X 10®/L) groups appears to be 

justified (620,3349,3587,3827}. The inci¬ 

dence of constitutional synnptoms (e.g, 

weight loss, fever, and night sweats) is 

higher with the proliferative type, where¬ 

as consequences of haematopoietic in¬ 

sufficiency (e.g. fatigue, infection, and 

bleeding due to thrombocytopenia) are 

more common with the dysplastic type 

(1334,3719,3805). Splenomegaly and 

hepatomegaly can be present in either 

type, but are more frequent (occurring 

in as many as 50% of cases) in patients 

with leukocytosis (1334). In rare cases, 

life-threatening hyperleukocytosis can 

occur (197). 

Microscopy 
Peripheral blood monocytosis is the 

hallmark of CMML. By definition, the 

monocyte count is always > 1 x 10®/L; 

it is usually 2-5x10®/L, but can ex¬ 

ceed 80 X lO^/L (2517,2653), Mono¬ 

cytes should account for > 10% of the 

leukocytes (339). In general, the mono¬ 

cytes are mature and have unremark¬ 

able morphology, but they can exhibit 

unusual nuclear segmentation or chro¬ 

matin patterns and abnormal granulation 

(2092). Those with abnormal granulation 

are best termed abnormal monocytes, 

a designation used to describe mono¬ 

cytes that are immature but have denser 

chromatin, more nuclear convolutions 

and folds, and more abundant grey¬ 

ish cytoplasm than do promonocytes 

and monoblasts (see Introduction and 
overview of the classifioation of myeloid 
neoplasms, Fig. 1.04, p. 18), Blasts and 

promonocytes may also be seen, but if 

they account for >20% of the leukocytes. 

Fig. 5.02 Chronic myelomonocytic leukaemia-1. The degree of leukocytosis, neutrophilia and dysplasia is variable. 

Often, the granulocytic component is most obvious in the biopsy specimen, and monocytes may not be readily 

appreciable. This specimen shows hypercellular bone marrow with prominent granulocytic and megakaryocytic pro¬ 

liferation. 

Fig. 5.03 Chronic myelomonocytic leukaemia-1. The degree of leukocytosis, neutrophilia and dysplasia is 

variable. A The white blood cell count in this case is elevated, with minimal dysplasia in the neutrophil series. 

B The white blood cell count in this case is normal, with absolute monocytosis, neutropenia and dysgranulopoie- 

sis, C In this biopsy section, monocytes (with their characteristic folded nuclei and delicate nuclear chromatin) can 

be seen among the granulocytes. D Bone marrow biopsy section immunostain shows that the monocytic cells in this 

case are strongly positive for CD14. 
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Fig. 5.04 Chronic myelomonocytic leukaemia-2. A Blood smear from a newly diagnosed patient shows occasional blasts and atypical monocytes. B Bone marrow biopsy 

specimen from the same patient illustrates the shift towards immaturity of the marrow cells, which is usually readily appreciable. C In this bone marrow aspirate smear, blasts and 

promonocytes account for 12% of the marrow cells. 

the diagnosis is acute myeioid leukaemia 

(AML; acute myelomonocytic leukaemia 

or acute monocytic leukaemia) rather 

than CMML. Other changes in the blood 

are variable. The WBC count may be 

normal or slightly decreased with neu¬ 

tropenia, but in half or more of all cases 

it is increased due to both monocytosis 

and neutrophilia (1334,2517,2978), Neu¬ 

trophil precursors (promyelocytes and 

myelocytes) usually account for < 10% of 

the leukocytes (339). Dysgranulopoiesis, 

including the formation of neutrophils with 

hyposegmented or abnormally segment¬ 

ed nuclei or abnormal cytoplasmic gran¬ 

ulation, is present in most cases, but may 

be less prominent in patients with leuko¬ 

cytosis than in those with a normal or low 

WBC count (2092,2517). In some cases, 

it may be difficult to distinguish between 

hypogranular neutrophils and dysplastic 

monocytes. Mild basophilia is sometimes 

present. Eosinophils are usually normal or 

slightly increased in number, but in some 

cases eosinophilia is striking. CMML with 

eosinophilia can be diagnosed when the 

criteria for CMML are met and the eo¬ 

sinophil count in the peripheral blood is 

> 1.5 X 10®/L. Patients with this diagnosis 

may have complications related to the 

degranulation of the eosinophils. These 

hypereosinophilic cases of CMML can 

closely resemble cases of myeloid neo¬ 

plasms with eosinophilia associated with 

specific genetic abnormalities, which 

are classified and discussed separately 

from CMML (see Myeloid/lymphoid neo¬ 
plasms with PDGFRB rearrangement, 
p,75). Mild anaemia, often normocytic 

but sometimes macrocytic, is common. 

Platelet counts vary, but moderate throm¬ 

bocytopenia is often present. Atypical, 

large platelets and nucleated red blood 

cell precursors may be seen (1338,2517), 

The bone marrow is hypercellular in 

>75% of cases, but normocellular speci¬ 

mens are also seen (2653,2985,3805). 

Hypocellularity is very rare. One recent 

study on the histological assessment of 

marrow found that <5% of CMML cases 

were hypocellular and 84% were hyper¬ 

cellular (3554). 

Granulocytic proliferation is often the 

most striking finding in the bone marrow, 

but an increase in erythroid precursors 

may also be seen (339,2653). Mono¬ 

cytic proliferation is invariably present, 

but can be difficult to recognize in the 

biopsy or on marrow aspirate smears. 

Cytochemical and immunohistochemi- 

cal studies that facilitate the identifica¬ 

tion of monocytes and their precursors 

are strongly recommended when the 

diagnosis of CMML is suspected (2985, 

2987). Dysgranulopoiesis, similar to 

that in the blood, is present in the bone 

marrow of most patients with CMML. 

Dyserythropoiesis (e.g. megaloblastoid 

changes, other abnormal nuclear fea¬ 

tures and ring sideroblasts) may also be 

observed, but is usually mild (1334,2517, 

2653), Micromegakaryocytes and/or 

megakaryocytes with hyposegmented 

nuclei are found in as many as 80% of 

cases (1338,2517,2653). 

Unlike in chronic myeloid leukaemia, 

pseudo-Gaucher cells are usually ab¬ 

sent, A mild to moderate increase in the 

number of reticulin fibres is seen in the 

bone marrow in nearly 30% of cases 

(2538). Careful attention to morphologi¬ 

cal features and other disease-specific 

clinicopathological findings may be 

needed to distinguish CMML from MPN 

associated with monocytosis (404,1097). 

The presence of one of the characteristic 

MPN driver mutations (in JAK2, CALRor 

Fig. 5.05 Chronic myelomonocytic leukaemia. A Some degree of fibrosis may be seen in as many as 30% of cases; this bone marrow biopsy specimen shows streaming of cells 
suggestive of underlying reticulin fibrosis, the presence of which was confirmed by reticulin silver staining (B), 
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MPL) is helpful for Identifying MPN asso¬ 

ciated with monooytosis. 

Nodules composed of mature plasma- 

cytoid dendritic cells in the bone mar¬ 

row biopsy have been reported in 20% 

of cases {2985). The cells have round 

nuclei, finely dispersed chromatin, inoon- 

spicuous nucleoli, and a rim of eosino¬ 

philic cytoplasm. The cytoplasmic mem¬ 

brane is usually distinct with well-defined 

cytoplasmic borders, imparting a cohe¬ 

sive appearance to the infiltrating oells. 

Apoptotic bodies, often within starry-sky 

histiocytes, are frequently present. The 

relationship of the plasmacytoid dendritio 

cell proliferation to the leukaemic cells 

was previously uncertain (216,1127,1555, 

1691), but there is now evidence that the 

proliferation is neoplastic in nature and is 

clonally related to the associated CMML 

(1126). 

The splenic enlargement seen in CMML 

is usually due to Infiltration of the red pulp 

j by leukaemic cells. Lymphadenopathy 

is uncommon, but when it occurs it may 

indicate transformation to a more aoute 

phase, and the lymph node may show 

j diffuse infiltration by myeloid blasts. 

There is sometimes lymph node (and 

less oommonly splenic) involvement by 

a diffuse infiltration of plasmacytoid den- 

I dritic cells. In some cases, generalized 

lymphadenopathy due to tumoural pro¬ 

liferations of plasmacytoid dendritic cells 

is the presenting manifestation of CMML. 

Blast cells and promonocytes usually 

account for <5% of the peripheral blood 

leukocytes and <10% of the nucleated 

! marrow cells at the time of diagnosis. 

A higher proportion may indicate poor 

prognosis or higher risk of rapid trans¬ 

formation to acute leukaemia {1180,1339, 

1442,3805,3922,4365). The previously 

used category of CMML-1 (defined by 

blasts including promonocytes account¬ 

ing for <5% of the leukocytes In the pe¬ 

ripheral blood and <10% In the bone 

marrow) has now been split into two 

new categories: CMML-0 and CMML-1. 

It is currently recommended {2978,3587, 

3805) that CMML be subdivided into 

three categories, defined by the percent¬ 

age of blasts and promonocytes in the 

peripheral blood and bone marrow: 

CMML-0: <2% blasts in the blood and 

<5% in the bone marrow; no Auer rods. 

CMML-1: 2-4% blasts in the blood or 

5-9% in the bone marrow; <5% blasts in 

the blood, <10% blasts in the bone mar¬ 

row, and no Auer rods. 

CMML-2: 5-19% blasts in the blood, 10- 

19% in the bone marrow or Auer rods are 

present; <20% blasts in the bone marrow 

and blood. 

Cytochemistry 
Cytochemical studies are strongly rec¬ 

ommended whenever the diagnosis of 

CMML is considered (2985). Alpha-naph¬ 

thyl butyrate esterase or alpha-naphthyl 

acetate esterase (with fluoride inhibition) 

staining of blood and bone marrow as¬ 

pirate smears, alone or in combination 

with naphthol AS-D chloroacetate ester¬ 

ase (CAE) staining, is extremely useful 

for assessing the monocytic component, 

and in some cases may facilitate distin¬ 

guishing monocytes from monoblasts 

and promonocytes (blast equivalents) 

and from non-monocytic cells. 

Immunophenotype 
The blood and marrow cells usually ex¬ 

press typical myelomonocytic antigens 

(e.g. CD33 and CD13) and variably ex¬ 

press CD14, CD68 and CD64 (1993, 

2482,3640,4364). The blood and mar¬ 

row monocytes often have aberrant 

phenotypes, with two or more aberrant 

features shown by flow cytometric analy¬ 

sis (4396). Decreased CD14 expression 

may reflect relative monocyte immaturity 

(3618). Other aberrant characteristics in¬ 

clude: overexpression of CD56; aberr¬ 

ant expression of CD2; and decreased 

expression of HLA-DR, CD13, CDIIc, 

CD15, CD16, CD64 and CD36 {2554, 

3618.3714.4396) . An increased propor¬ 

tion of CD14-t-/CD16- monocytes has 

recently been described (3618). Matur¬ 

ing myeloid cells may also have aberrant 

immunophenotypic features, and neutro¬ 

phils may show aberrant light-scattering 

properties. An increased proportion of 

CD34-H cells and an emerging blast 

population with an aberrant immunophe¬ 

notype have been associated with early 

transformation to acute leukaemia {1063, 

4365.4396) . 

For the identification of monocytic cells, 

immunohistochemistry on tissue sections 

is less sensitive than cytochemistry or 

flow cytometry, The most reliable marker 

is CD14 (3257), CD68R and CD163 can 

also be helpful (2985). Lysozyme used in 

conjunction with cytochemistry for CAE 

can facilitate the identification of mono¬ 

cytic cells, which are lysozyme posi¬ 

tive but CAE negative (in contrast to the 

granulocyte precursor cells, which are 

positive for both). An increased propor¬ 

tion of CD34-I- cells detected by immu¬ 

nohistochemistry has been associated 

with transformation to acute leukaemia 

(2985). 

The mature plasmacytoid dendritio cells 

associated with CMML have a charac¬ 

teristic immunophenotype. They are 

positive for antigens normally expressed 

Fig. 5.06 Chronic myelomonocytic leukaemia-1. A Nodules composed of mature plasmacytoid dendritic cells in the bone marrow biopsy section. B Immunostaining shows that 

these cells strongly express CD123. 
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by reactive cells of this lineage, such as 

CD123, CD2AP, CD4, CD43, CD45RA, 

CD68/CD68R. CD303, BCL11A and 

granzyme B {406,870,2497}. Rarely, they 

also express some of the following an¬ 

tigens: CD2, CDS, CD7, CD10, CD13, 

CD14, CD15 and CD33 and, very rare¬ 

ly, CD56. TIA1 and perforin are usually 

negative. The Ki-67 (MIB1) proliferation 

index is usually low. 

Cell of origin 
A haematopoietic stem cell 

Genetic profile 
Clonal cytogenetic abnormalities are 

found in 20-40% of CMML cases, but 

none are specific {1182,1334,3105,3805, 
3826,3896,3922}. The most common 

reourrent abnormalities include gain 

of chromosome 8 and loss of chromo¬ 

some 7 or del(7q). In a large study of 

414 patients with CMML, 73% of the pa¬ 

tients had a normal karyotype, 7% had 

trisomy 8, 4% had loss of Y chromosome, 

3% had a oomplex karyotype, 1.5% had 

an abnormality of ohromosome 7 and 

10% had another aberration {3826}. 

Some myeloid neoplasms with isolated 

isoohromosome 17q have haematologi- 

cal features of CMML {1220,1912,2594}, 

whereas others are better diagnosed 

as myeiodysplastic/myeloproliferative 

neoplasm, unclassifiable {1912,1913}. 

Abnormalities of 11q23 are uncommon 

in CMML and suggest an alternate di¬ 

agnosis of aoute leukaemia. Several of 

the prognostic systems for CMML cur¬ 

rently in use include cytogenetic features 

{3827,3896}. 

Myeloid neoplasms with eosinophilia 

associated with t(5;12)(q31-33;p12) and 

ETV6-PDGFRB fusion were formerly in¬ 

cluded in the CMML category, but are now 

considered to be a distinct entity (see Mye¬ 
loid/lymphoid neoplasms with PDGFRB 

rearrangement, p.75). Cases of chronic 

myeloid leukaemia that express the pi 90 

BCR-ABL1 isoform can mimic CMML. 

Therefore, even if t(9;22)(q34.1;q11.2) is 

not detected by conventional karyotyping, 

PCR analysis for the presence of p210 and 

p190 and/or FISH analysis for the BCR- 
ABL1 fusion gene must be performed. 

Many patients with CMML harbour so¬ 

matic mutations, most frequently in 

ASXL1 (found in 40% of oases), TET2 {in 
58%), SRSF2{\n 46%), RUNX1 (in 15%), 

NRAS (in 11%) and CBL (in 10%); many 

other genes can also be mutated (in 

< 10% of oases) {1795,2779). Studies that 

confirmed the frequenoy of mutations in 

TET2 SRSF2, SETBF1 and ASXL1 {1170, 

2611,3100} have shown that at least one 

of these four genes is mutated in most 

CMML cases. Recently proposed prog¬ 

nostic models include mutation analysis 

{3025,3100,3105,4264}. NFM1 mutations 

are uncommon in CMML (occurring in 

<5% of cases); if they are found, the al¬ 

ternative diagnosis of AML with monocyt¬ 

ic differentiation associated with NFM1 
mutation should be carefully excluded. 

Confirmed cases of CMML with NFM1 
mutation (in particular cases with a high 

mutation burden) appear to have a high 

probability of progressing to AML and 

may require aggressive clinical inter¬ 

vention {3129}. 

Prognosis and predictive factors 
The reported survival times of patients 

with CMML range from 1 month to 

> 100 months; the median survival time in 

most series is 20-40 months {198,1180, 

1334,1336,1442,3587,3719,3805,3922, 

4365}. Progression to AML occurs in 15- 

30% of cases. Clinical and haematologi- 

cal parameters including lactate dehydro¬ 

genase level, splenomegaly, anaemia, 

thrombocytopenia and lymphocytosis 

{2978} have been reported as important 

factors for predicting the course of the 

disease. However, in virtually all studies, 

the percentage of blood and bone mar¬ 

row blasts is the most important factor 

determining survival, together with karyo¬ 

type, WBC count, and haematopoietic 

function {816,1180,1334,1339,1442,3719, 

3805,3922,4365). These factors are in¬ 

cluded in a CMML-specific prognostic 

scoring system {3827}. Somatic ASXL1 
mutation has also been incorporated in a 

clinical prognostic scoring system {1795}. 

AML as transformation of CMML is an 

aggressive disease that belongs in the 

group of AML with myelodysplasia-re¬ 

lated changes; the blasts often exhibit 

morphological features of acute myelo- 

monocytic leukaemia or acute monocytic 

leukaemia, i.e, French-American-British 

(FAB) classification M4 or M5 {827}. 
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Atypical chronic myeloid leukaemia, 
BCR-ABL1-negatWe 

Orazi A. 

Bennett J.M. 

Bain B.J. 

Brunning R.D, 

Thiele J. 

Definition 
Atypical chronic myeloid leukaemia, 

BCR-ABU-negatNe (aCML) is a leukae- 

mic disorder with myelodysplastic as well 

as myeloproliferative features present at 

the time of initial diagnosis (Table 5.02). It 

is characterized by principal involvement 

of the neutrophil lineage, with leukocyto¬ 

sis resulting from an increase of morpho¬ 

logically dysplastic neutrophils and their 

precursors. However, multilineage dys¬ 

plasia is common, and reflects the stem¬ 

cell origin of this entity. The neoplastic 

cells do not have BCR-ABL1 fusion; 

rearrangement of RDGRRA, PDGFRB or 

FGFR1, or PCM1-JAK2. Therapy-related 

cases with features of aCML are dis¬ 

cussed separately (see Therapy-related 
myeloid neoplasms, p. 153). 

ICD-0 code 9876/3 

Table 5.02 Diagnostic criteria for atypical chronic myeloid leukaemia, BCR-ABLI-negabve (aCML) 

- Peripheral blood leukocytosis >13 x 10^/L, due to increased numbers of neutrophils and their precursors 

(i.e. promyelocytes, myelocytes and metamyelocytes), with neutrophil precursors constituting 
>10% of the leukocytes 

- Dysgranulopoiesis, which may include abnormal chromatin clumping 

- No or minimal absolute basophilia; basophils constitute < 2% of the peripheral blood leukocytes 

- No or minimal absolute monocytosis; monocytes constitute <10% of the peripheral blood leukocytes 

- Hypercellular bone marrow with granulocytic proliferation and granulocytic dysplasia, 

with or without dysplasia in the erythroid and megakaryocytic lineages 

- <20% blasts in the blood and bone marrow 

- No evidence of PDGFRA, PDGFRB or FGFR1 rearrangement, or of PCM1-JAK2 

- WHO criteria for 6CR-/\SL1-positive chronic myeloid leukaemia, primary myelofibrosis, polycythaemia vera, 

or essential thrombocythaemia^ are not met 

^ Myeloproliferative neoplasms (MPNs), in particular those in accelerated phase and/or in post-polycythaemia 

vera or post-essential thrombocythaemia myelofibrosis, if neutrophilic, may simulate aCML. A history of 

MPN, the presence of MPN features in the bone marrow, and/or MPN-associated mutations (in JAK2, CALR 

or MPL) tend to exclude the diagnosis of aCML; conversely, the diagnosis is supported by the presence of 

SETBP1 and/or ET/VKI mutations. CSF3R mutation is uncommon and, if detected, should prompt careful 

morphological review to exclude an alternative diagnosis of chronic neutrophilic leukaemia or another 
myeloid neoplasm. 

Synonyms 
Atypical chronic myeloid leukaemia, Phil¬ 

adelphia chromosome-negative (Phi-); 

atypical chronic myeloid leukaemia, 

SC/T/4B/./-negative 

Epidemiology 
The exact incidence of aCML is unknown, 

but it is estimated that there are only 

1-2 aCML cases for every 100 cases of 

BCR-ABU-posWive chronic myeloid leu¬ 

kaemia {2987,4248}. Patients with aCML 

tend to be elderly. In the few series re¬ 

ported to date, the median patient age at 

diagnosis is in the seventh or eighth dec¬ 

ade of life, although the disease has also 

been reported in teenagers (447,1621, 

2143,2517,4248}, The reported male-to- 

female ratio varies, but in larger series it 

is approximately 1:1 (447,1621,2143,2517, 

4248}. 

Localization 
The peripheral blood and bone marrow 

are always involved; splenic and hepatic 

involvement is also common. 

Clinical features 
There are only a few reports of the clinical 

features of aCML. Patients usually have 

symptoms related to anaemia or some¬ 

times to thrombocytopenia; for other pa¬ 

tients, the primary symptoms are related 

to splenomegaly (447,1621,2143,2517). 

Microscopy 
The white blood cell count is always 

>13x10®/L (339), but median values 

of 24-96 X 10®/L have been reported, 

and some patients have white blood cell 

counts of >300 x lO^/L (447,1621,2143, 

2517,4248}. Blasts are usually <5% and 

always <20% of peripheral blood leuko¬ 

cytes. Neutrophil precursors (promye¬ 

locytes, myelocytes, and metamyelo¬ 

cytes) constitute >10% of the leukocytes. 

The absolute monocyte count may be 

Fig. 5.07 Atypical chronic myeloid leukaemia, 6CR-A6Lf-negative. A The diagnosis requires >10% circulating neutrophil precursors; three myelocytes are apparent in this 

peripheral blood microscopic field, B The white blood cell count is elevated, with dysplastic neutrophils. C Marked granulocytic dysplasia and immature granulocytes. Cytogenetic 

studies revealed a gain of chromosome 8, but no Philadelphia (Ph) chromosome. No BCR-ABL1 fusion gene was detected by FISH. 
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Fig. 5.08 Atypical chronic myeloid leukaemia, 6CR-A8/.f-negative. A The bone marrow biopsy shows hyper- 

cellularity, due to granulocytic proliferation. B Note the increased number of megakaryocytes, with small, abnormal 
forms. From the biopsy alone, the morphology would be difficult to differentiate from that of 6CR-A8Lf-positive 

chronic myeloid leukaemia. C Dysplasia in the granulocytic and megakaryocytic lineages is evident on the bone 

marrow aspirate smear. 

increased, but the percentage of periph¬ 

eral blood monocytes is < 10%. Basophil¬ 

ia may be observed but is not prominent 

{339,447,1621,2517,42481. One of the 

major features that characterize aCML 

is dysgranulopoiesis, which may be pro¬ 

nounced. Acquired Pelger-Huet anom¬ 

aly or other nuclear abnormalities, such 

as hypersegmentation with abnormally 

clumped nuclear chromatin or bizarrely 

segmented nuclei, abnormal cytoplas¬ 

mic granularity (usually hypogranularity) 

and multiple nuclear projections, may 

be observed in the neutrophils. Mod¬ 

erate anaemia is common, and the red 

blood cells may show changes indica¬ 

tive of dyserythropoiesis. The platelet 

count is variable, but thrombocytopenia 

is common {339,1621,2517). Careful mor¬ 

phological examination of the peripheral 

blood is crucial for distinguishing this en¬ 

tity from chronic neutrophilic leukaemia 

{4248}, which lacks dysplastic features in 

the neutrophils and has < 10% circulating 

immature myeloid cells. There are also 

differences in the frequency of associ¬ 

ated mutations (see Genetic profile). 
The bone marrow is hypercellular due to 

an increase of neutrophils and their pre¬ 

cursors. The myeioid-to-erythroid ratio is 

usually >10:1, reflecting the increased 

granulopoiesis and the decreased eryth- 

ropoiesis, but in some cases erythroid 

precursors account for > 30% of the mar¬ 

row cells. Dyserythropoiesis is present 

in about 40% of cases {339,447,4248). 

Dysgranulopoiesis is invariably present, 

and the changes in the neutrophil lineage 

observed in the bone marrow are similar 

to those in the blood, Megakaryopoie- 

sis is usually quantitatively normal or in¬ 

creased, but is sometimes decreased; 

there is often evidence of dysmegakary- 

opoiesis, including micromegakaryo¬ 

cytes and small megakaryocytes with 

hypolobated nuclei {447,1621), Blasts 

may be moderately increased in number, 

but are always <20%; large sheets or 

clusters of blasts are not present. Mar¬ 

row fibrosis (usually mild) is seen in some 

cases at the time of diagnosis; in others, it 

appears later in the course of the disease. 

Variant 
Most cases reported as the syndrome of 

abnormal chromatin clumping can in fact 

be considered a variant of aCML {460, 

1178,1766), These cases are character¬ 

ized in the peripheral blood and bone 

marrow by a high percentage of neutro¬ 

phils and precursors that exhibit exagger¬ 

ated clumping of the nuclear chromatin. 

Cytochemistry 
No specific cytochemical abnormalities 

have been reported to date, although 

the use of esterase stains or immuno- 

histochemistry to exclude a significant 

monocytic component can facilitate the 

exclusion of chronic myelomonocytic leu¬ 

kaemia, Neutrophil alkaline phosphatase 

scoring is rarely done; the scores can be 

low, normal, or high, and are therefore not 

useful for distinguishing this entity from 

BCR-ABLI-posW'we chronic myeloid leu¬ 

kaemia {2143,2517), 

Immunophenotype 
No specific immunophenotypic charac¬ 

teristics have been reported to date. Like 

esterase cytochemistry, immunohisto- 

chemistry for CD14 or CD68R on biopsy 

sections may facilitate the identification 

of monocytes; the finding of significant 

marrow monocytosis should call into 

question a diagnosis of aCML. In some 

cases with decreased megakaryocytes, 

CD61 or CD42b immunohistochemistry 

may facilitate the identification of dys- 

megakaryopoiesis. CD34 can facilitate 

the identification of blasts. 

Cell of origin 
A bone marrow haematopoietic stem cell 

Genetic profile 
Karyotypic abnormalities are reported 

in as many as 80% of cases. The most 

common abnormalities are gain of chro¬ 

mosome 8 and del(20q), but abnormali¬ 

ties of chromosomes 13, 14, 17, 19 and 12 

are also common {447,1621,2517}. Rare¬ 

ly, cases is which the neoplastic cells 

have an isolated isochromosome 17q 

have features of aCML, although most 

fulfil the criteria for chronic myelomono¬ 

cytic leukaemia {2594). There is no BCR- 
ABL1 fusion. Cases with rearrangement 

of PDGFRA, PDGFRB or FGFR1, or with 

PCM1-JAK2, are also specifically ex¬ 

cluded. In the past, some cases of t(8;9) 

(p22;p24) with PCM1-JAK2 fusion were 

diagnosed as aCML {436,3337}, but 

such cases are now grouped with other 

eosinophilic neoplasms associated with 

specific chromosomal rearrangements, 

and are discussed separately (see Mye¬ 
loid/lymphoid neoplasms with PCM1- 
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JAK2, p.78). J/A/<2 V617F mutation has 

only rarely been reported in patients with 

aCML (1184,2288,4248); therefore, the 

typical myeloproliferative neoplasm-as¬ 

sociated mutations (in JAK2, CALR and 

MPL) tend to exclude the diagnosis of 

aCML (1184). Recent data indicate that 

SETBP1 and ETNK1 mutations are rela¬ 

tively common in aCML (1286,2610,2779, 

3167), whereas CSR?/? mutation is pres¬ 

ent in <10% of cases (2779). Because 

this mutation is found in a considerably 

larger proportion of chronic neutrophilic 

leukaemia cases (1414,2588,3057,3918), 

it is helpful in distinguishing between the 

two neoplasms. 

Prognosis and predictive factors 
Patients with aCML fare poorly. Among 

the small numbers of patients included 

in reported series to date, the median 

survival time is 14-29 months (447,1621, 

2143,4248). Age >65 years, female sex, 

white blood cell count >50x10®/L, 

thrombocytopenia and haemoglobin 

level <10g/dL have been reported to 

be adverse prognostic findings (447, 

1621). However, patients who receive 

a bone marrow transplant may have an 

improved outcome (2077). In 30-40% of 

patients, aCML evolves to acute myeloid 

leukaemia (4248); most of the remaining 

patients die of marrow failure (447,2143). 

Juvenile myelomonocytic leukaemia Baumann I. 

Bennett J.M. 

Niemeyer C.M 

Thiele J. 

Definition 
Juvenile myelomonocytic leukaemia 

(JMML) is a clonal haematopoietic dis¬ 

order of childhood characterized by a 

proliferation principally of the granulo¬ 

cytic and monocytic lineages. Blasts 

and promonocytes account for <20% 

of the white blood cells in the peripheral 

blood and bone marrow. Erythroid and 

megakaryocytic abnormalities are often 

present (88,507,2662). BCR-ABL1 fusion 

is absent, whereas mutations involving 

genes of the RAS pathway are character¬ 

istic. The diagnostic criteria are listed in 

Table 5.03. 

ICD-0 code 9946/3 

Synonym 
Juvenile chronic myelomonocytic 

leukaemia 

Epidemiology 
The annual incidence of JMML is estima¬ 

ted to be approximately 0.13 cases per 

100 000 children aged 0-14 years. It 

accounts for <2-3% of all leukaemias 

in children, but for 20-30% of all cases 

of myelodysplastic and myeloprolifera¬ 

tive diseases in patients aged < 14 years 

(1585,3092). Patient age at diagnosis 

ranges from 1 month to early adoles¬ 

cence, but 75% of cases occur in chil¬ 

dren aged <3 years (2415,2872). Boys 

are affected nearly twice as frequently 

as girls. Approximately 15% of cases 

occur in infants with Noonan syndrome- 

like disorder (which is caused by a CBL 
mutation) (2381), and 10% occur in chil¬ 

dren with neurofibromatosis type 1 (NF1) 

(2872). 

Etiology 
The cause of JMML is unknown. Rare 

cases have been reported in identical 

twins (3093). The association between 

NF1 and JMML has long been estab¬ 

lished (581,2872,3804). In children with 

NF1 (unlike in adults with the disorder), 

the risk of developing myeloid malig¬ 

nancy (mainly JMML) is reported to be 

200-500 times that in the general pae¬ 

diatric population (2872). Occasionally, 

infants with Noonan syndrome develop 

a JMML-like disorder, which resolves 

Table 5.03 Diagnostic criteria for juvenile myelomonocytic leukaemia; modified from Locatelli F and Niemeyer CM {2377} 

Clinical and haematological criteria (all 4 criteria are required) 

- Peripheral blood monocyte count >1 x 10®/L 

- Blast percentage in peripheral blood and bone marrow of <20% 

- Splenomegaly 

- No Philadelphia (Ph) chromosome or BCR-ABL1 fusion 

Genetic criteria (any 1 criterion Is sufficient) 

- Somatic mutation® in PTPN11, KPAS or NPAS 

- Clinical diagnosis of neurofibromatosis type 1 or NF1 mutation 

- Germline CBL mutation and loss of heterozygosity ofCBL^ 

Other criteria 

Cases that do not meet any of the genetic criteria above must meet the following criteria 

in addition to the clinical and haematological criteria above: 

- Monosomy 7 or any other chromosomal abnormality 

or 

- >2 of the following: 

- Increased haemoglobin F for age 

- Myeloid or erythroid precursors on peripheral blood smear 

- Granulocyte-macrophage colony-stimulating factor (also called CSF2) hypersensitivity in colony assay 

- Hyperphosphorylation of STATS 

® If a mutation is found in PTPN11, KPAS or NPAS it is essential to consider that it might be a germline 

mutation and the diagnosis of transient abnormal myelopoiesis of Noonan syndrome must be considered. 

Occasional cases have heterozygous splice-site mutations. 
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Fig. 5.09 Juvenile myelomonocytic leukaemia. A The bone marrow aspirate smear usually reflects the changes 

noted In the blood, but the monocyte component may be difficult to distinguish from other marrow cells in Wright- 
Giemsa-stained preparations. B Combined alpha-naphthyl butyrate esterase and naphthol AS-D chloroacetate 

esterase (CAE) reaction identifies the granulocytic (blue) and monocytic (brown) components; a few cells contain 

both blue and brown reaction products. 

without treatment in some cases and be¬ 

haves more aggressively in others {217). 

These children carry germline mutations 

in PTPN11 (the gene encoding the pro¬ 

tein tyrosine phosphatase SHP2 {3906)) 

or KRAS {3586}. 

Localization 
The peripheral blood and bone marrow 

always show evidence of myelomono¬ 

cytic proliferation. Leukaemic infiltration 

of the liver and spleen is found in virtually 

all cases. The lymph nodes, skin, respira¬ 

tory system, and gut are other common 

sites of involvement, although any tissue 

can be infiltrated {2415,2872). 

Clinical features 
Most patients present with constitutional 

symptoms or evidence of infection {2415, 

2872). There is generally marked hepato- 

splenomegaly. Occasionally, spleen size 

is normal at diagnosis but rapidly increas¬ 

es thereafter. About half of all patients 

have lymphadenopathy, and leukaemic 

infiltrates may give rise to markedly en¬ 

larged tonsils. Dry cough, tachypnoea 

and interstitial infiltrates on chest X-ray 

are signs of pulmonary infiltration. Gut 

infiltration may predispose patients to 

diarrhoea and gastrointestinal infections. 

Signs of bleeding are common, and 

about a quarter of all patients have skin 

rashes (eczematous eruptions or indura¬ 

tions with central clearing). Cafe-au-lait 

spots might be indicative of an underly¬ 

ing germline condition such as NF1 or 

Noonan syndrome-like disorder {2528, 

2874). JMML rarely involves the central 

nervous system (CNS), although a small 

number of patients with CNS myeloid 

sarcoma and ocular infiltrates have been 

described {2872}. 

A notable feature of many JMML cases 

is markedly increased synthesis of hae¬ 

moglobin F, particularly in cases with a 

Fig. 5.10 Juvenile myelomonocytic leukaemia. Peri¬ 
pheral blood smear showing abnormal monocytes with 

cytoplasmic vacuoles and two normoblasts. 

normal karyotype {2872). Other features 

include polyclonal hypergammaglob- 

ulinaemia and the presence of autoan¬ 

tibodies {2872). In vitro hypersensitivity 

of JMML myeloid progenitors to granu¬ 

locyte-macrophage colony-stimulating 

factor (also called CSF2) {1100) is a 

hallmark of the disease, and served as 

an important diagnostic tool before the 

discovery of the five canonical RAS path¬ 

way mutations (in PTPN11, NBAS, KRAS, 
NF1 and CBL), which now allow molecu¬ 

lar diagnosis in approximately 85% of 

all JMML cases, greatly facilitating the 

diagnosis. In RAS pathway mutation¬ 

negative cases, disorders with a clinical 

and haematologicai picture mimicking 

that of JMML, such as infection {2481}, 

Wiskott-Aldrich syndrome (eczema- 

thrombocytopenia-immunodeficiency 

syndrome) {4436) and malignant infantile 

osteopetrosis {3811}, must be excluded. 

Microscopy 
The peripheral blood is the most impor¬ 

tant specimen for diagnosis. It typically 

shows leukocytosis and thrombocyto¬ 

penia, and often anaemia {2415,2872). 

The median reported white blood cell 

counts are 25-30 x 10®/L. The leuko¬ 

cytosis consists mainly of neutrophils, 

with some immature cells (e.g. promye¬ 

locytes and myelocytes) and monocytes. 

Blasts (including promonocytes) usu¬ 

ally account for <5% of the white blood 

cells, and always <20%. Eosinophilia 

and basophilia are observed in a minor¬ 

ity of cases. Nucleated red blood cells 

are often seen. Red blood cell changes 

include macrocytosis (particularly in pa¬ 

tients with monosomy 7), but normocytic 

red blood cells are more common; micro¬ 

cytosis due to iron deficiency or acquired 

thalassaemia phenotype {1680} may be 

seen as well. Platelet counts vary, but 

thrombocytopenia is typical and may be 

severe {2415,2872,3093). 

Bone marrow findings alone are not diag¬ 

nostic. The bone marrow aspirate and bi¬ 

opsy are hypercellular with granulocytic 

proliferation, although in some patients 

erythroid precursors may predominate 

{2872,3093). Monocytes in the bone 

marrow are often less prominent than in 

the peripheral blood, generally account¬ 

ing for 5-10% of the bone marrow cells. 

Blasts (including promonocytes) account 

for <20% of the bone marrow cells, and 

Auer rods are never present. Dysplasia 

is usually minimal; however, dysgranu- 

Fig.5.11 Juvenile myelomonocytic leukaemia. A The bone marrow biopsy specimen is hypercellular, with granu¬ 

locytic proliferation and a decreased number of megakaryocytes. B Although the megakaryocytes in this specific 

case are reduced in number, they appear morphologically normal; blasts are not substantially increased in number. 
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Fig. 5.12 Juvenile myelomonocytic leukaemia (JMML): molecular lesions in RAS signalling proteins. Granulocyte- 

macrophage colony-stimulating factor (GM-CSF; also called CSF2) normally binds to its receptor, induces 

heterodimerization, and assembles a complex of signalling molecules and adapters that include SHC1 and GRB2. 

These proteins, in turn, recruit GAB2, SHP2 (encoded by PTPN11) and SOS1, which catalyse guanine nucleotide 

exchange on RAS and increase intracellular levels of GTP-bound RAS (RAS-GTP). Once activated, RAS-GTP 

interacts with several downstream effectors. The GTPase-activating protein RASA1 (also called p120GAP) and 

neurofibromin bind to RAS-GTP and accelerate its conversion to RAS-GDP. Hypersensitivity to GM-CSF is a 

cellular hallmark of JMML that results from a number of distinct mechanisms. Mutations in PTPN11 increase SHP2 

phosphatase activity and increase RAS signalling. Similarly, cancer-associated amino acid substitutions in KRAS 

and NRAS result in mutant RAS proteins that accumulate in the active, GTP-bound conformation. Inactivation of 

the NF1 tumour suppressor gene deregulates RAS signalling through loss of neurofibromin (reviewed by Niemeyer 

CM {2871}). Finally, CBL acts as a GM-CSF receptor responsive protein that targets SRC for ubiquitin-mediated 

destruction upon GM-CSF stimulation. Loss of negative regulation by SRC results in hyperactive GM-CSF (497). 

Modified from Niemeyer CM (2871). 

lopoiesis (including pseudo-Pelger-Huet 

neutrophils and hypogranularity) may be 

noted in some cases, and erythroid pre¬ 

cursors may be enlarged. Megakaryo¬ 

cytes are often reduced in number, but 

marked megakaryocytic dysplasia is 

unusual {2872,3093). 

Leukaemic infiltrates are common in the 

skin, where myelomonocytic cells infil¬ 

trate the papillary and reticular dermis. In 

the lung, leukaemic cells spread from the 

capillaries of the alveolar septa into al¬ 

veoli; in the spleen, they infiltrate the red 

pulp and have a predilection for trabecu¬ 

lar and central arteries; in the liver, the 

sinusoids and portal tracts are infiltrated. 

Cytochemistry 
No specific cytochemical abnormalities 

have been reported. In bone marrow 

aspirate smears, cytochemical staining 

for alpha-naphthyl acetate esterase or 

alpha-naphthyl butyrate esterase, alone 

or in combination with staining for naph- 

thol AS-D chioroacetate esterase (CAE), 

may be helpful in identifying the mono¬ 

cytic component. Neutrophil alkaline 

phosphatase scores are reported to be 

elevated in about 50% of cases, but this 

test is not helpful in establishing the diag¬ 

nosis (2415). 

Immunophenotype 
No specific immunophenotypic abnor¬ 

malities have been reported in JMML. 

In extramedullary tissues, the monocytic 

component is best identified using immu- 

nohistochemical techniques that detect 

lysozyme and CD68R. However, individ¬ 

ual cases may show infiltration almost ex¬ 

clusively by MPO-positive granulopoietic 

precursor cells. Flow cytometry, which 

enables simultaneous analysis of cell 

phenotype and cell signalling, shows that 

JMML cells exhibit an aberrant response 

of phospho-STATSA to subsaturating 

doses of granulocyte-macrophage colo¬ 

ny-stimulating factor {1578,2090}. 

Cell of origin 
A haematopoietic stem cell 

Genetic profile 
Karyotyping studies reveal monosomy 7 

in about 25% of patients, other abnormal¬ 

ities in 10% and a normal karyotype in 

65% {2872}. The Philadelphia (Ph) chro¬ 

mosome and the BCR-ABL1 fusion gene 

are absent. 

JMML occurs, at least in part, due to 

aberrant signal transduetion of the RAS 

signalling pathway. As many as 85% of 

patients harbour driving molecular al¬ 

teration in one of five particular genes 

{PTPN11, NRAS, KRAS, CBL and NP1), 
which encode proteins that when mu¬ 

tated are predicted to activate RAS ef¬ 

fector pathways. Heterozygous somatic 

gain-of-function mutations in PTPN11 are 

the most frequent alterations, occurring 

in approximately 35% of patients {2382, 

3906}. Typical oncogenic heterozygous 

somatic NRAS and KRAS mutations in 

codons 12, 13, and 61 account for 20- 

25% of JMML cases {3484,3801,3906}. 

Approximately 15% of children with JMML 

harbour germline CBL mutations {2874, 

3131), commonly missense alterations 

in the linker region or ring finger domain 

(exons 8 and 9), with JMML cells showing 

duplication of the mutant CBL through 

acquired uniparental disomy {587,2381, 

2788). Occasionally, heterozygous ger¬ 

mline splice-site CBL mutations are not¬ 

ed in CBL-associated JMML {2381,2528, 

3817). Germline mutations in NF1 are 

present in approximately 10% of children 

with JMML {587,2872,3484}. Because 

the NF1 gene product (neurofibromin) 

is a negative modulator of RAS function, 

loss of heterozygosity (LOH) with loss of 

the normal NF1 allele in leukaemic cells 

is associated with RAS hyperactivity. 

Despite the central role of RAS pathway 

mutation, a small subset (approximately 

15%) of cases remain RAS pathway mu¬ 

tation negative {3484,3801}. JMML is 

characterized by a paucity of additional 

genetic abnormalities {3484}. Secondary 

abnormalities (in addition to the canoni¬ 

cal RAS pathway mutation) are present in 

fewer than half of all cases, and include 

second hits in one of the other RAS path¬ 

way genes (so-called RAS double mu¬ 

tants) as well as mutations in SETBP1, 
JAK3, SH2B3, the genes of the poly¬ 

comb repressor complex, and ASXL1 
{587,3484,3801}. Secondary mutations 

are often subclonal and may be involved 

in disease progression rather than initia¬ 

tion of leukaemia {587,3484,3802}. 

Genetic susceptibility 
The RASopathies constitute a class of 

autosomal dominant developmental dis¬ 

orders caused by germline mutations in 

genes that encode components of the 

RAS pathway. These disorders' major 

features include facial dysmorphism, 

cardiac defects, reduced growth, vari¬ 

able cognitive deficits, ectodermal and 

skeletal anomalies, and susceptibility to 
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Fig. 5.13 Juvenile myelomonocytic leukaemia. A The leukaemic infiltrate in the liver is in the portal regions as well as in hepatic sinusoids. B The hepatic sinusoids are filled with 

the leukaemic infiltrate. C The leukaemic infiltrate in the red pulp of the spleen encroaches on the germinal centre. D The infiltrate in the splenic red pulp consists of immature 

and mature neutrophils and monocytes. 

malignancies (including JMML) {2102, 

2871,33161. 

NF1, the first syndrome found to be as¬ 

sociated with a germline mutation in 

the RAS pathway, can manifest in early 

childhood with cafe-au-lait spots, JMML, 

plexiform neurofibromas, optic pathway 

tumours, and bone lesions (3314). In 

children with NF1, the risk of developing 

JMML is estimated to be 200-350 times 

the risk in children without the syndrome 

{3804). For about half of the patients with 

JMML and NF1, a positive family history 

is known. In most affected children, the 

clinical diagnosis of NF1 can be made 

at the time of leukaemic presentation; 

JMML may be the first manifestation of 

NF1 in some of these infants {3801). Pa¬ 

tients with Noonan syndrome-like disor¬ 

der exhibit a variable Noonan syndrome- 

like phenotype, with a high frequency 

of neurological features and pigmented 

skin lesions {2528,2874,3817). Suscepti¬ 

bility for JMML in children with germline 

CBL mutation is high, although the small 

number of patients precludes more pre¬ 

cise risk estimation (2528). 

Noonan syndrome is the most common 

RASopathy, with an incidence of 1 case 

per 1000-2500 births {3317). It is char¬ 

acterized by a typical facial appearance. 

heart defects, and a variety of abnormali¬ 

ties in other organs. Fieterozygous ger¬ 

mline mutations in PTPN11, SOS1, RAF1, 
KRAS, NRAS and other components of 

the RAS pathway {811} are recognized, 

with PTPN11 mutations accounting for 

about half of the cases {3317). As many 

as 10% of children with Noonan syn¬ 

drome develop a transient myelopro¬ 

liferative disorder in early infancy {217, 

2871). The vast majority of patients with 

Noonan syndrome/myeloproliferative 

disorder harbour germline PTPN11 mu¬ 

tations predicted to result in a weaker 

gain-of-function effect than the somatic 

PTPN11 mutations found in children with 

JMML {2103). The abnormal myelopoie- 

sis in Noonan syndrome/myeloprolifera¬ 

tive disorder is benign in most infants, 

but about 10% of these children acquire 

clonal chromosomal abnormalities and 

develop JMML {217,2871). 

Prognosis and predictive factors 
JMML with somatic PTPN11 mutation 

or occurring in children with NF1 is in¬ 

variably rapidly fatal if left untreated. The 

median survival time without allogeneic 

haematopoietic stem cell transplantation 

is about 1 year. Low platelet count, pa¬ 

tient age >2 years at diagnosis and high 

haemoglobin F levels at diagnosis are the 

main clinical predictors of short survival 

{2872,3093). 

JMML with K/T/ASor A/F?AS mutation gen¬ 

erally has an aggressive course, with 

early haematopoietic stem cell trans¬ 

plantation needed. In a few infants with 

KRAS or NRAS alterations, long-term 

survival in the absence of therapy has 

been observed; these children had low 

haemoglobin F levels, normal or moder¬ 

ately decreased platelet counts, and no 

subclonal mutations {2377,3801). There 

are similarities between JMML with KRAS 
or NRAS mutation and RAS-associated 

autoimmune leukoproliferative disorder 

(RALD) {530}. JMML and RALD show 

overlapping clinical and laboratory fea¬ 

tures (with the exception of the leukope¬ 

nia seen in RALD). However, long-term 

follow-up suggests that RALD has an in¬ 

dolent clinical course, unlike most cases 

of JMML with RAS mutations {530}. 

Most children with JMML and germline 

CBL mutations experience spontaneous 

regression of JMML with persistence of 

uniparental disomy of the CBL locus in 

haematopoietic cells. Occasionally, sec¬ 

ondary genetic alterations occur that re¬ 

sult in an aggressive clinical course. . 
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Myelodysplastic / myeloproliferative 
neoplasm with ring sideroblasts and 
thrombocytosis 

Orazi A. 

Hasserjian R.P. 

Cazzola M. 

Thiele J. 

Malcovati L, 

Table 5.04 Diagnostic criteria for myelodysplastic/myeloproliferative neoplasm with ring sideroblasts and thrombocytosis 

- Anaemia associated with erythroid-lineage dysplasia, with or without multilineage dysplasia; 

>15% ring sideroblasts^, <1% blasts in the peripheral blood and <5% blasts in the bone marrow 

- Persistent thrombocytosis, with platelet count >450 x 10®/L 

- SF3B1 mutation or, in the absence of SF3B1 mutation, no history of recent cytotoxic or growth factor therapy 

that could explain the myelodysplastic/myeloproliferative features*’ 

- No BCR-ABL1 fusion; no rearrangement of PDGFRA, PDGFRB or FGFR1: no PCM1-JAK2 

and not(3;3)(q21.3;q26.2), inv(3)(q21.3q26.2), orde^bq)" 

- No history of myeloproliferative neoplasm, myelodysplastic syndrome (except myelodysplastic syndrome 

with ring sideroblasts), or other myelodysplastic/myeloproliferative neoplasm 

^ >15% ring sideroblasts is a required criterion even if SF3B1 mutation is detected. 

*’ The diagnosis of myelodysplastic/myeloproliferative neoplasm with ring sideroblasts and thrombocytosis is 

strongly supported by the presence of SF3B1 mutation together with a JAK2 V617F, CALRor MPL mutation. 

’’ In a case that otherwise meets the diagnostic criteria for myelodysplastic syndrome with isolated del(5q). 

Definition 
Myelodysplastic/myeloproliferative neo¬ 

plasm (MDS/MPN) with ring sideroblasts 

and thrombocytosis (MDS/MPN-RS-T) 

is a subtype of MDS/MPN character¬ 

ized by the presence of thrombocytosis 

(>450 X 10®/L) and <1% blasts in the 

peripheral blood and associated with 

ring sideroblasts accounting for >15% 

of erythroblasts, dyserythropoiesis and 

<5% blasts in the bone marrow {1499, 

1890,3104,3862). 

In the original 4th edition of the WHO 

classification, refractory anaemia with 

ring sideroblasts associated with marked 

thrombocytosis (RARS-T) was proposed 

as a provisional entity to encompass 

cases with the clinical and morpho¬ 

logical features of myelodysplastic syn¬ 

drome with ring sideroblasts (MDS-RS) 

but also with thrombocytosis associated 

with abnormal megakaryocytes similar to 

those seen in BCR-ABLI-negalive my¬ 

eloproliferative neoplasms (1499,1890). 

More recently, MDS/MPN-RS-T has 

become a well-characterized, distinct 

MDS/MPN overlap entity, particularly 

following the discovery of a strong asso¬ 

ciation with SF3B1 mutations, which are 

often concurrent with the JAK2 V617F 

mutation and less commonly with MPL 
or CALR mutation {409,594,1310,2461, 

2464,3103,3339,3344,3569,3575,3773, 

3862,4249). 

Cases that fulfil the diagnostic criteria for 

MDS with isolated del(5q) or that have 

t(3;3)(q21.3;q26,2) or inv(3)(q21.3;q26,2) 

cytogenetic abnormalities are excluded 

from this category, as are cases with a 

BCR-ABL1 fusion gene. If there has been 

a prior diagnosis of an MPN without ring 

sideroblasts, or if there is evidence that 

the ring sideroblasts might be a conse¬ 

quence of therapy or might reflect dis¬ 

ease progression of a case that meets 

the criteria for another well-defined MPN, 

this designation should not be used. It is 

unclear how to best categorize the rare 

cases that initially present as MDS-RS 

and later evolve to MDS/MPN-RS-T upon 

acquisition of a JAK2 V617F mutation 

(2461) or other MPN-associated muta¬ 

tions. By convention, these cases would 

be considered to constitute disease pro¬ 

gression of MDS, and would therefore be 

excluded from the MDS/MPN category 

(see Table 5.04); however, given the lack 

of prognostic difference, it might be most 

appropriate to group these cases with 

the rest of the cases of MDS/MPN-RS- 

T. Therapy-related cases with features 

of MDS/MPN-RS-T are diagnosed as 

therapy-related myeloid neoplasms and 

are discussed separately (see Therapy- 
related myeloid neoplasms, p, 153). 

ICD-0 code 9982/3 

Synonym 
Refractory anaemia with ring sideroblasts 

associated with marked thrombocytosis 

Epidemiology 
A median patient age at the time of dia¬ 

gnosis of 74 years has been reported, 

which is higher than that observed in 

MPN such as essential thrombocythae- 

mia. A slight female prevalence has been 

consistently reported across studies 

(462,463). 

Localization 

The peripheral blood and bone marrow 

are always involved. Splenomegaly has 

been reported in about 40% of cases, 

and hepatomegaly can also occur (3861). 

Clinical features 
The clinical features of MDS/MPN-RS-T 

greatly overlap those seen in MDS-RS 

and the BCR-ABLI-negatiwe MPN cat¬ 

egories, in particular essential thrombo- 

cythaemia. Anaemia is always present, 

but at the time of clinical presentation, pa¬ 

tients with MDS/MPN-RS-T tend to have 

higher haemoglobin levels, white blood 

cell (WBC) counts, and platelet counts 

than do patients with MDS-RS, with simi¬ 

lar mean corpuscular volumes. In con¬ 

trast, patients with MDS/MPN-RS-T have 

lower haemoglobin levels, WBC counts, 

and platelet counts, but higher mean cor¬ 

puscular volumes than do patients with 

essential thrombocythaemia (463). 

Microscopy 
The peripheral blood typically shows 

normochromic macrocytic or normo- 

cytic anaemia. The red blood cells in 

the blood smear may show anisocytosis, 

often with a dimorphic pattern. Circulat¬ 

ing blasts are absent or rare (accounting 

for <1% of the cells). Thrombocytosis 

(>450 X 10®/L) is one of the defining fea¬ 

tures. The platelets often display anisocy¬ 

tosis, ranging from tiny forms to atypical 

large or giant platelets. Bizarrely shaped 

or agranular platelets may be seen, but 

are uncommon. The WBC count and leu¬ 

kocyte differential count are usually nor¬ 

mal, although a borderline elevation in 

the WBC count can occur. 
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Fig. 5.14 Myelodysplastic/myeloproliferative neoplasm with ring sideroblasts and thrombocytosis, in a 62-year-old man who presented with severe anaemia and a platelet count 

of 850 X 10®/L. A The blood smear shows abnormal red blood cells and thrombocytosis. B Marked erythroid proliferation and essential thrombocythaemia-like megakaryocytes 
are apparent in the bone marrow biopsy section. C The bone marrow aspirate smear shows mild dyserythropoiesis. D Iron (Prussian blue) staining of the marrow aspirate 

highlights marked erythroid proliferation, in which most of the erythroid precursors are ring sideroblasts. 

The bone marrow shows increased 

erythropoiesis due to ineffective eryth¬ 

roid proliferation, with megaloblastoid 

and/or other dyserythropoietic features of 

the erythroid precursors associated with 

>15% ring sideroblasts present on iron 

staining. Multilineage dysplasia, similar 

to that seen in MDS-RS and multilineage 

dysplasia, occurs in some cases {3569, 

3570}. Megakaryocytes are increased 

and usually have morphological features 

similar to those observed in the BCR- 
ABL1-negat'w/e MPN. A proportion of pa¬ 

tients have marrow fibrosis {3569,3570}. 

Cell of origin 
A haematopoietic stem cell 

Genetic profile 
Cytogenetic abnormalities have been re¬ 

ported in about 10% of patients {2461). 

Many cases (60-90%) harbour the 

SF3B1 mutation {2460}. The mutant al¬ 

lele burden is comparable to that seen 

in other WHO categories with ring side¬ 

roblasts. The SF3B1 mutation is often (in 

>60% of cases) found in association with 

the JA/<2V617F mutation, and much less 

commonly (in < 10% of cases) in associa¬ 

tion with the CALR or MPL W515 muta¬ 

tion. The presence of these MPN-asso- 

ciated mutations may account for the 

proliferative aspects of MDS/MPN-RS-T 

and would seem to confirm its true hy¬ 

brid nature {2461,2464,3103,3570,4202}, 

Therefore, although studies for SF3B1, 
JAK2V6^7F, CALRan6 /WPL W515 muta¬ 

tions are not required for the diagnosis of 

MDS/MPN-RS-T, the presence of these 

mutations supports the diagnosis and 

appears to have prognostic significance. 

Prognosis and predictive factors 
A median overall survival of 76-128 

months has been reported in patients 

with MDS/MPN-RS-T {462,463}. A ret¬ 

rospective study including a total of 

200 cases from 16 centres in six Europe¬ 

an countries showed that sex- and age- 

standardized survival in patients with 

MDS/MPN-RS-T is significantly shorter 

than that of patients with essential throm- 

bocythaemia, but longer than that of pa¬ 

tients with MDS-RS and single lineage 

dysplasia (P<0.001) {463,4249}. 

Patient age, JAK2\/6^7F and SF3B1 mu¬ 

tation have been reported as independ¬ 

ent prognostic factors. In one study of 

MDS/MPN-RS-T, SF3B1 mutation was 

associated with a significantly longer 

median overall survival (6.9 years with 

SF3B1 mutation vs 3.3 years with SF3B1 
wildtype, P= 0.003); JAK2\/617F muta¬ 

tion was also associated with a more fa¬ 

vourable outcome compared with JAK2 
wildtype (P= 0.019) {462}. 

The existing scientific literature does not 

support any therapy specific for patients 

with MDS/MPN-RS-T; the treatments 

available for MDS and MPN are typically 

adopted for these patients, depending 

on the clinical picture {2460}. 
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Myelodysplastic / myeloproliferative 
neoplasm, unclassifiable 

Orazi A, 

Bennett J.M. 

Bain B.J. 

Baumann I. 

Thiele J. 

Bueso-Ramos C. 

Malcovati L. 

Table 5.05 Diagnostic criteria for myelodysplastic/myeloproliferative neoplasm, unclassifiable 

Myeloid neoplasm with mixed myeloproliferative and myelodysplastic features at onset, not meeting the 

WHO criteria for any other myelodysplastic/myeloproliferative neoplasm, myelodysplastic syndrome 

or myeloproliferative neoplasm 

- <20% blasts in the peripheral blood and bone marrow 

- Clinical and morphological features of one of the categories of myelodysplastic syndrome^ 

- Clinical and morphological myeloproliferative features manifesting as a platelet count of >450 x 10®/L 

associated with bone marrow megakaryocytic proliferation and/ora white blood cell count of >13 x 10^/L® 

- No history of recent cytotoxic or growth factor therapy that could explain the 

myelodysplastic/myeloproliferative features 

- No PDGFRA, PDGFRB, or FGFR1 rearrangement and no PCM1-JAK2 

^ Cases that meet criteria for myelodysplastic syndrome with isolated del(5q) are excluded irrespective of the 

presence of thrombocytosis or leukocytosis. 

Definition 
Myelodysplastic/myeloproliferative neo¬ 

plasm (MDS/MPN), unclassifiable 

(MDS/MPN-U) meets the criteria for the 

MDS/MPN category in that at the time 

of initial presentation, it has clinical, 

laboratory and morphological features 

that overlap with both myelodysplastic 

syndrome (MDS) and myeloproliferative 

neoplasm (MPN) categories {1748,2987, 

4152) (Table 5.05). Cases diagnosed as 

MDS/MPN-U do not meet the criteria for 

chronic myelomonocytic leukaemia, ju¬ 

venile myelomonocytic leukaemia, BCR- 
A6/-/-negative atypical chronic myeloid 

leukaemia, or MDS/MPN with ring side- 

roblasts and thrombocytosis (MDS/MPN- 

RS-T). The removal of MDS/MPN-RS-T 

from the category of MDS/MPN-U is a 

change from the original 4th edition of the 

WHO classification. The finding of BCR- 
ABL1 fusion; rearrangement of PDGFRA, 
PDGFRB, or FGFRf, or PCM1-JAK2 also 
rules out the diagnosis of MDS/MPN-U. 

Therapy-related cases with features of 

MDS/MPN-U are discussed separately 

(see Therapy-related myeloid neoplasms, 
p. 153). 

The designation MDS/MPN-U must not 

be used for cases in which a previously 

well-defined MPN has developed dys- 

plastic features in association with pro¬ 

gression to a more aggressive phase. 

However, the MDS/MPN-U category may 

include some cases in which the chronic 

phase of an MPN was not previously de¬ 

tected, and that therefore initially present 

in an advanced phase, with myelodys¬ 

plastic features. If the underlying MPN in 

such cases cannot be identified, the des¬ 

ignation of MDS/MPN-U is appropriate. 

If a patient has recently received any 

growth factor or other therapy capable of 

producing peripheral blood and/or bone 

marrow changes simulating MDS/MPN, 

clinical and laboratory follow-up is essen¬ 

tial to determine whether the observed 

anomalies are persistent or a conse¬ 

quence of such treatments. 

ICD-0 code 9975/3 

Synonyms 
Chronic myelodysplastic/myeloprolifera- 

tive disease (no longer used); mixed 

myeloproliferative/myelodysplastic syn¬ 

drome, unclassifiable; overlap syndrome, 

unclassifiable 

Localization 
The bone marrow and peripheral blood 

are always involved. The spleen, liver, 

and other extramedullary tissues may be 

involved. 

Clinical features 
The clinical features of MDS/MPN-U 

overlap with those of entities in the MDS 

and MPN categories (227,2857,4152). 

Microscopy 
MDS/MPN-U is characterized by inef¬ 

fective and/or dysplastic proliferation of 

one or more myeloid lineages and si¬ 

multaneously by effective proliferation 

(with or without dysplasia) of another 

myeloid lineage or lineages. Labora¬ 

tory features usually include anaemia of 

variable severity, with or without macro- 

cytosis. There is evidence of effective 

proliferation in one or more lineages: 

either thrombocytosis (platelet count 

>450 x 10®/L) or leukocytosis (white 

blood cell count > 13 x 10®/L). In a recent 

study, the median white blood cell count 

was lower in MDS/MPN-U (19.4 x 1071) 

than in atypical chronic myeloid leukae¬ 

mia, SC/P-ASL/-negative, (40.8 x 10®/L) 

(4248). Neutrophils may show dysplastic 

features, but dysgranulopoiesis is seen in 

only about 50% of cases (4248). There 

may be giant or hypogranular platelets. 

Dysmegakaryopoiesis with megakaryo¬ 

cytes resembling those seen in MDS is 

found in more than half of cases. In the 

remaining cases, there is a mixture of 

MDS-like and MPN-like megakaryocytes 

or (rarely) a predominance of MPN-like 

megakaryocytes. Dysmegakaryopoie¬ 

sis is absent in <10% of cases {4248}. 

Blasts account for <20% of leukocytes 

in the peripheral blood and <20% of 

nucleated cells in the bone marrow. The 

bone marrow biopsy specimen is hyper- 

cellular and may show proliferation in any 

or all of the myeloid lineages; however, 

significant (> 10%) dysplastic features 

are simultaneously present in at least one 

cell line. Although cases of MDS/MPN- 

RS-T are classified separately, rare cases 

of MDS/MPN with >15% ring sideroblasts 

and >1% peripheral blood blasts or >5% 

bone marrow blasts belong in the MDS/ 

MPN-U group. 

Cytochemistry 
The cytochemical findings may be similar 

to those seen in MDS or MPN. 

Immunophenotype 
The immunophenotype may be similar to 

that of MDS or MPN. 
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Fig. 5.15 Myelodysplastic/myeloproliferative neoplasm, unclassifiable. A case associated with isolated isochromo¬ 

some 17q. A Bone marrow core biopsy showing hypercellularity with increased dysplastic megakaryocytes and 
increased immature cells. B Bone marrow aspirate smear showing increased blasts and dysplastic granulocytes 

with pseudo-Pelger-Huet nuclei (Wright-Giemsa). C Bone marrow aspirate showing dysplastic non-lobated mega¬ 

karyocytes (Wright-Giemsa). 

Cell of origin 
The postulated cell of origin is a haemato¬ 

poietic stem cell. 

Genetic profile 
There are no cytogenetic or molecular 

genetic findings specific for this group. 

The Philadelphia (Ph) chromosome 

and the BCR-ABL1 fusion gene should 

always be excluded prior to making the 

diagnosis of MDS/MPN-U. Cases with re¬ 

arrangements of PDGFRA, PDGFRB, or 

FGFR1 or with PCM1-JAK2, are excluded 

from this category as well. 

The appropriate categorization of cases 

associated with isolated isochromo¬ 

some 17q is uncertain. A proportion of 

cases meet the criteria for chronic myelo- 

monocytic leukaemia, BCR-ABL1-r\ega- 
tive atypical chronic myeloid leukaemia, 

MPN in accelerated or blast phase, MDS 

or acute myeloid leukaemia, but other 

cases may be appropriately categorized 

as MDS/MPN-U (1220,1912,2594). 

Relatively high frequencies of TET2, 
NRAS, RUNX1, CBL, SETBP1 and ASXL1 
mutations have been reported in several 

studies (2610,4248,4502). In diagnosti¬ 

cally difficult cases, the presence of one 

or more of these mutations in the appro¬ 

priate clinicopathological context may 

help to confirm a suspected diagnosis. 

SF3B1 mutation should prompt careful 

exclusion of MDS/MPN-RS-T, includ¬ 

ing rare instances of disease progres¬ 

sion from MDS with ring sideroblasts. 

Although cases that meet the criteria for 

MDS with isolated del(5q) are excluded, 

a small proportion of such cases with a 

combined del(5q) and JAK2\/6^7F muta¬ 

tion have been reported to have prolifera¬ 

tive features in the bone marrow associ¬ 

ated with higher median platelet counts 

(1759), However, it is unclear whether 

their clinical presentation or progno¬ 

sis is any different from that of the MDS 

with isolated del(5q) and wildtype JAK2 
(3101,3717). Until more evidence is pub¬ 

lished, it is recommended that cases with 

combined del(5q) and JAK2\/6^7F mu¬ 

tation be classified as MDS with isolated 

del(5q) rather than included in the MDS/ 

MPN-U category. 

Cases with MDS/MPN features that har¬ 

bour one of the types of driver mutations 

seen in classic MPN (i.e, JAK2, MPL or 

CALR mutations) most likely constitute 

MPN with features of disease progres¬ 

sion. However, if a ohronic phase has not 

been previously detected or cannot be 

documented and therefore the underly¬ 

ing MPN cannot be confirmed, then the 

designation of MDS/MPN-U is justified. 

Prognosis and predictive factors 
There is very limited information avail¬ 

able about this rare subgroup. In a re¬ 

cent study, patients with MDS/MPN-U 

had a median overall survival of 21.8 

months and leukaemia-free survival of 

18.9 months (4248). Prognosis is vari¬ 

able, with its uncertainty further com¬ 

pounded by inadequate representation 

of the subgroup in commonly used prog¬ 

nostic scoring systems, including the 

international Prognostic Scoring System 

(IPSS) and Revised IPSS (IPSS-R) (4011), 

As with other MDS/MPN overlap disor¬ 

ders, the treatment for patients with MDS/ 

MPN-U is based on therapies used for 

MDS or MPN and is guided by symptoms 

and/or cytopenias (4011). Growth factors 

(erythropoiesis- and granulopoiesis-stim¬ 

ulating agents) can alleviate cytopenias, 

whereas leukocytosis can be managed 

with cytoreductive therapies. 
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CHAPTER 6 

Myelodysplastic syndromes 

Myelodysplastic syndrome with single lineage dysplasia 

Myelodysplastic syndrome with ring sideroblasts 

Myelodysplastic syndrome with multilineage dysplasia 

Myelodysplastic syndrome with excess blasts 

Myelodysplastic syndrome with isolated del(5q) 

Myelodysplastic syndrome, unclassifiable 

Childhood myelodysplastic syndrome 

Refractory cytopenia of childhood 



Myelodysplastic syndromes: 
Overview 

Hasserjian R.P. 
Orazi A, 
Brunning R.D. 
Germing U, 
Le Beau M.M. 
Porwit A. 

Baumann I. 
Hellstrom- 

Lindberg E 
List A.R 
Cazzola M. 
Foucar K. 

Definition 
The myelodysplastic syndromes (MDS) 
are a group of clonal haematopoietic 
stem cell diseases characterized by cy- 
topenia, dysplasia in one or more of the 
major myeloid lineages, ineffective hae- 
matopoiesis, recurrent genetic abnor¬ 
malities and increased risk of developing 
acute myeloid leukaemia (AML) {340, 
592,4151). There is an increased degree 
of apoptosis within the bone marrow pro¬ 
genitors, which contributes to the cyto- 
penias {439}. Cytopenia in at least one 
haematopoietic lineage is required for a 
diagnosis of MDS. The recommended 
thresholds for cytopenias established 
in the original International Prognostic 
Scoring System (IPSS) for risk stratifica¬ 
tion (haemoglobin concentration <10g/ 
dL, platelet count <100 x 10®/L, and 
absolute neutrophil count <1.8 x 10®/L 
{1442,1442Aj), have traditionally been 
used to define cytopenias for MDS di¬ 
agnosis and most MDS patients will 
have a cytopenia below at least one of 
these thresholds. However, a diagnosis 
of MDS may still be made in patients 
with milder degrees of anaemia (haemo¬ 
globin <13g/dL in men or <12g/dL in 
women) or thrombocytopenia (platelets 
<150x10®/L) if definitive morphologic 
and/or cytogenetic findings are present 
{1444A,4179}. In determining whether 
a patient is cytopenic, it is important to 
be cognizant of each laboratory’s lower 
reference range and to take into account 
conditional variants of these values, such 
as due to ethnicity and sex. These are 
particularly important considerations in 
patients with a borderline low neutro¬ 
phil count {229}. Persistent neutrophilia, 
monocytosis, erythrocytosis or thrombo¬ 
cytosis in a patient with cytopenias and 
dysplastic morphology generally war¬ 
rants classification as a myelodysplastic/ 
myeloproliferative neoplasm (MDS/MPN) 
or myeloproliferative neoplasm rather 
than MDS. However, thrombocytosis 
(platelet count >450 x 10®/L) is allowed 
in MDS with isolated del(5q) or with inv(3) 
(q21.3q26.2) or t(3;3)(q21.3;q26.2). 

Fig. 6.01 Parvovirus B19 infection. Bone marrow smear 
shows marked erythroid hypoplasia, with occasional 
giant erythroblasts with dispersed chromatin and fine 
cytoplasmic vacuoles. 

The morphological hallmark of MDS is 
dysplasia in one or more myeloid line¬ 
ages. Dysplasia may be accompanied by 
an increase in myeloblasts in the periph¬ 
eral blood and/or bone marrow, but the 
blast percentage is always <20%, which 
is the requisite threshold recommended 
for the diagnosis of AML. It is important 
to recognize that the threshold of 20% 
blasts distinguishing AML from MDS 
does not reflect a therapeutic mandate 
to treat cases with >20% blasts as acute 
leukaemia. Recurrent cytogenetic abnor¬ 
malities are present in 40-50% of cases, 
whereas acquired somatic gene muta¬ 
tions are seen in the vast majority of MDS 
cases at diagnosis. 
The MDS category encompasses several 
distinct subtypes, which are defined by 

Fig. 6.02 Arsenic poisoning. Bone marrow smear from 
a 47-year-old man with pancytopenia being chronically 
exposed to arsenic; there is marked dyserythropoiesis. 

the number of cytopenias at presentation, 
the number of myeloid lineages manifest¬ 
ing dysplasia, the presence of ring side- 
roblasts, and the blast percentages in 
the blood and bone marrow. In the cur¬ 
rent classification, only one cytogenetic 
abnormality, del(5q), is used in the defini¬ 
tion of a specific MDS subtype. Mutation 
of one gene, SF3B1, is closely associ¬ 
ated with MDS with ring sideroblasts as 
well as with one of the MDS/MPN sub- 
types: MDS/MPN with ring sideroblasts 
and thrombocytosis. 
Although progression to AML is the nat¬ 
ural course in many cases of MDS, the 
percentage of patients who progress 
varies substantially across the subtypes, 
with a higher probability of progression 
in subtypes with increased myeloblasts 

Fig, 6.03 Antifolate chemotherapy effect. Bone marrow smear from a 57-year-old woman who received several 
chemotherapeutic agents for breast carcinoma, including folic acid antagonists, showing transient marked 
dyserythropoiesis and megaloblastic changes. 
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Fig. 6.04 Congenital dyserythropoietic anaemia, type III. 

Bone marrow smear shows marked dyserythropoiesis. 

{1340,2467). Most subtypes are charac¬ 

terized by progressive bone marrow fail¬ 

ure, but the biological course of some 

subtypes is prolonged and indolent, with 

a very low incidence of evolution to AML 

(2462,4179). 

Epidemiology 
MDS occurs principally in older adults 

(median patient age: 70 years), with a 

male predominance. The annual inci¬ 

dence is 3-5 cases per 100 000 popu¬ 

lation overall (non-age-corrected) and is 

at least 20 cases per 100 000 individuals 

aged >70 years. Due to underreporting 

of MDS in most cancer registries, the 

true annual incidence in patients aged 

>65 years may be closer to 75 cases per 

100 000 population {199,777,1342). Ap¬ 

proximately 10 000 new cases of MDS are 

diagnosed annually in the USA, accord¬ 

ing to 2003-2004 data from the Surveil¬ 

lance, Epidemiology, and End Results 

(SEER) Program and the North American 

Association of Central Cancer Regis¬ 

tries (NAACCR), but estimates based on 

Medicare claims for the same time period 

are as high as 45 000 cases diagnosed 

in individuals aged >65 years annually 

(1394,2421,3397). Therapy-related mye¬ 

loid neoplasms are discussed separately 

(see Therapy-related myeloid neoplasms, 
p. 153). MDS affecting children is rare and 

has unique characteristics and diagnos¬ 

tic criteria that differ from those of MDS 

in adults; therefore, childhood cases are 

also discussed separately (p. 116), 

Etiology 
Primary or de novo MDS occurs without a 

known history of chemotherapy or radia¬ 

tion exposure. Possible etiologies for pri¬ 

mary MDS include benzene exposure (at 

levels well above the minimum allowed 

by most government agencies), cigarette 

smoking (at least in part also due to ben¬ 

zene in cigarette smoke), exposure to ag¬ 

ricultural chemicals or solvents, and fam¬ 

ily history of haematopoietic neoplasms 

(3815). Some inherited haematological 

disorders, such as Fanconi anaemia, 

dyskeratosis congenita, Shwachman-Di- 

amond syndrome and Diamond-Black- 

fan anaemia, are also associated with 

an increased risk of MDS; familial syn¬ 

dromes predisposing to MDS and AML 

are discussed separately (see Myeloid 
neoplasms with germline predisposition, 
p. 121), Acquired aplastic anaemia is also 

associated with increased risk of devel¬ 

opment of MDS (222). 

Clinical features 
The majority of patients present with 

symptoms related to cytopenia. Most pa¬ 

tients are anaemic, whereas neutropenia 

and/or thrombocytopenia are less com¬ 

mon; about one third of patients are de¬ 

pendent on red blood cell transfusions at 

diagnosis (1444,2511). Organomegaly is 

infrequently observed. 

Microscopy 
The morphological classification of MDS 

is principally based on the percentage of 

blasts In the bone marrow and peripheral 

blood, the type and degree of dysplasia, 

and the percentage of ring sideroblasts 

(Table 6.01, p. 101). The myeloid lineages 

affected by cytopenias are not necessar¬ 

ily those that manifest dysplasia (1338, 

2423,4179). To determine blast percent¬ 

age in the bone marrow and blood, a 

500-cell differential count of all nucleated 

cells in a smear or trephine biopsy imprint 

is recommended for the bone marrow 

and a 200-leukocyte differential count for 

the peripheral blood. In patients with se¬ 

vere cytopenia, buffy coat smears of pe¬ 

ripheral blood may facilitate the differen¬ 

tial count. An accurate blast count in the 

peripheral blood is important, because 

patients with higher blast percentages in 

the blood than in the bone marrow (seen 

in -13% of MDS cases) appear to have 

more aggressive disease (89). The blast 

count in myeloid neoplasms is expressed 

as a percentage of all nucleated cells (al¬ 

ways including nucleated erythroid cells) 

in the bone marrow and as a percentage 

of the leukocytes (excluding nucleated 

erythroid cells) in the peripheral blood. 

The number of dysplastic lineages (i.e. 

single lineage vs multilineage dysplasia) 

is relevant for distinguishing between the 

types of MDS (see Table 6.01, p. 101) and 

may be important for predicting disease 

behaviour (947,4179). Assessment of the 

degree of dysplasia may be problematic, 

depending on the quality of the smear 

preparations and the stain. Poor-quality 

smears may result in misinterpretation of 

the presence or absence of dysplasia, 

particularly in assessing neutrophil gran¬ 

ulation, Given the critical importance of 

recognizing dysplasia, the need for high- 

quality slide preparations for the diagno¬ 

sis of MDS cannot be overemphasized. 

Slides for the assessment of dysplasia 

should be made from freshly obtained 

specimens; specimens exposed to anti¬ 

coagulants for >2 hours are unsatisfac¬ 

tory. It should be noted that the determi¬ 

nation of whether significant dysplasia 

is present (particularly in the erythroid 

lineage) and the distinction between sin¬ 

gle lineage and multilineage dysplasia 

have been found in some studies to be 

subject to significant interobserver vari¬ 

ability (1233,3622). This interobserver 

variability is more problematic for cases 

in which the degree of dysplasia is near 

the requisite 10% threshold, and some 

authors have reported individual lineage 

dysplasia exceeding the 10% threshold 

in non-cytopenic controls (947,3067, 

3297); consequently, it is essential to 

apply strict criteria for dysplasia and to 

evaluate high-quality and well-stained 

material. 
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Fig. 6.05 Granulocyte colony-stimulating factor (G-CSF) therapy effect. A Blood smear from a patient on G-CSF, 

showing a neutrophil with a bilobed nucleus and increased azurophilic granulation and a myeloblast (B). 
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Fig. 6.06 Myelodysplastic syndrome with multilineage dysplasia and a complex karyotype including del(17p). 
Dysgranulopoiesis is evident on these blood smears, showing three neutrophils with bilobed nuclei (pseudo-Pelger- 

Huet anomaly) (A) and a neutrophil with a non-segmented nucleus (B). 

As a general precaution, no patient 

should be diagnosed with MDS if the 

clinical and drug history is unknown, 

and no case of MDS should be reclassi¬ 

fied while the patient is on growth factor 

therapy, including erythropoietin. Certain 

drugs, infections, metabolic deficiencies 

and immune disorders oan cause both 

cytopenias and morphological dyspla¬ 

sia; these possible secondary etiolo¬ 

gies must be oarefully considered prior 

to rendering a diagnosis of MDS (see 

Differential diagnosis). Unexplained, 

persistent cytopenia in the absence of 

dysplasia should not be interpreted as 

MDS unless certain specific cytogenetic 

abnormalities are present (see Genetic 
profile below and Table 6.03, p. 104). 

Persistent cytopenia without dysplasia 

and without one of the specific cytoge¬ 

netic abnormalities should be diagnosed 

as idiopathic cytopenia of undetermined 

significance, and the patient’s haemato- 

logical and cytogenetic status should be 

carefully monitored (4106,4336). Patients 

with MDS-associated clonal gene muta¬ 

tions identified in haematopoietic cells 

but without significant dysplasia on bone 

marrow examination should not be diag¬ 

nosed with MDS either; this condition has 

been termed ‘clonal haematopoiesis of 

indeterminate potential’ (3772). 

Cases of MDS without an increase in 

blasts are recognized as manifesting ei¬ 

ther single lineage dysplasia or multilin¬ 

eage dysplasia. In most oases of MDS 

with single lineage dysplasia, the dyspla¬ 

sia is confined to the erythroid lineage. 

Single lineage dysplasia can also affect 

the granulocytic lineage or megakaryo¬ 

cytes, but this is much less common 

than dysplasia isolated to erythroid cells 

(450,2423). In MDS with multilineage 

dysplasia, significant dysplastic features 

are recognized in two or more lineages. 

The recommended requisite percent¬ 

age of erythroid and granulocytic cells 

manifesting dysplasia to be considered 

significant is >10% (3404). Significant 

megakaryocyte dysplasia is defined as 

>10% dysplastic megakaryocytes based 

on evaluation of >30 megakaryocytes in 

smears or sections; however, some stud¬ 

ies suggest that a 30-40% threshold for 

megakaryocyte dysplasia may provide 

greater specificity (947,1309,2567). Mi¬ 

cromegakaryocytes and multinucleated 

megakaryocytes with separated nuclei 

are the most reliable dysplastic findings 

in the megakaryocyte series (947,2567, 

4179). 

Characteristics of dysplasia 
Dyserythropoiesis manifests principally 

as nuclear alterations, including budding, 

internuclear bridging, karyorrhexis and 

multinuclearity. Megaloblastoid changes 

are often present in MDS, but alone they 

are insufficiently specific to firmly estab¬ 

lish dyserythropoiesis. Cytoplasmic 

features include formation of ring side- 

roblasts, vacuolization and aberrant pe¬ 

riodic acid-Schiff (PAS) positivity (either 

diffuse or granular). Dysgranulopoiesis 

is characterized primarily by nuclear hy- 

posegmentation (pseudo-Pelger-Huet 

anomaly) or hypersegmentation, cyto¬ 

plasmic hypogranularity, pseudo-Che- 

diak-Higashi granules and small size 

(1387). Megakaryocyte dysplasia is 

characterized by micromegakaryocytes, 

non-lobated nuclei in megakaryocytes 

of all sizes, and multiple widely sepa¬ 

rated nuclei (1388); however, the finding 

of multiple widely separated nuclei is of 

limited specificity for MDS, unless the 

nuclei are rounded and roughly similar in 

size. Megakaryocytic dysplasia is read¬ 

ily apparent in bone marrow seotions, 

and both biopsy and aspirate specimens 

should be evaluated. The morphological 

manifestations of dysplasia in each line¬ 

age are summarized in Table 6.02. Auer 

rods are considered to be evidence of 

MDS with excess blasts regardless of 

the blast percentage. Cases of MDS with 

<5% blasts in the bone marrow and < 1% 

in the peripheral blood may rarely have 

Auer rods, and such cases are associ¬ 

ated with an adverse prognosis (4328). 

Fig. 6.07 Myelodysplastic syndrome with excess blasts (MDS-EB). A Bone marrow section from a case of MDS-EB-1 containing a focus of immature myeloid precursors. B Bone 
marrow biopsy from a case of MDS-EB-2 showing a focus of immature cells, most of which stain positively for CD34. 
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Table 6.01 Diagnostic criteria for myelodysplastic syndrome (MDS) entities 

Entity name Number of 

dysplastic lineages 
Number of 

cytopenias^ 

Ring sideroblasts as 

percentage of marrow 

erythroid elements 

Bone marrow (BM) 

and peripheral blood 

(PB) blasts 

Cytogenetics by conventional 

karyotype analysis 

MDS-SLD 1 1-2 <15%/<5%‘’ BM<5%, 

PB<1%, 

no Auer rods 

Any, unless fulfils all criteria for 

MDS with isolated del(5q) 

MDS-MLD 2-3 1-3 <15%/<5%^ BM<5%, 

PB<1%, 

no Auer rods 

Any, unless fulfils all criteria for 

MDS with isolated del(5q) 

MDS-RS 

MDS-RS-SLD 1 1-2 >15%/>5%‘’ BM<5%, 

PB<1%, 

no Auer rods 

Any, unless fulfils all criteria for 

MDS with isolated del(5q) 

MDS-RS-MLD 2-3 1-3 >15%/>5%‘’ BM<5%, 

PB<1%, 

no Auer rods 

Any, unless fulfils all criteria for 

MDS with isolated del(5q) 

MDS with isolated del(5q) 1-3 1-2 None or any BM<5%, 

PB<1%, 

no Auer rods 

del(5q) alone or with 

1 additional abnormality, except 

loss of chromosome 7 or del(7q) 

MDS-EB 

MDS-EB-1 1-3 1-3 None or any BM 5-9% or PB 2-4%, 

BM<10%andPB<5%, 

no Auer rods 

Any 

MDS-EB-2 1-3 1-3 None or any BM 10-19% or PB 5-19% 

or Auer rods, 

BMandPB<20% 

Any 

MDS-U 

with 1% blood blasts 1-3 1-3 None or any BM<5%, 

PB^r/o", 

no Auer rods 

Any 

with SLD and pancytopenia 1 3 None or any BM<5%, 

PB<1%, 

no Auer rods 

Any 

based on defining 

cytogenetic abnormality 

0 1-3 <15%^* BM<5%, 

PB<1%, 

no Auer rods 

MDS-defining abnormality® 

MDS-EB, MDS with excess blasts; MDS-MLD, MDS with multilineage dysplasia; MDS-RS, MDS with ring sideroblasts; MDS-RS-MLD, MDS with ring sideroblasts and 

multilineage dysplasia; MDS-RS-SLD, MDS with ring sideroblasts and single lineage dysplasia; MDS-SLD, MDS with single lineage dysplasia; MDS-U, 

MDS, unclassifiable; SLD, single lineage dysplasia. 

^ Cytopenias defined as haemoglobin concentration <10 g/dL, platelet count <100 x 10^/L and absolute neutrophil count <1.8 x 10^/L, although 

MDS can present with mild anaemia or thrombocytopenia above these levels; PB monocytes must be <1 x 10®/L. 

If SF3B1 mutation is present. 

1% PB blasts must be recorded on >2 separate occasions. 

Cases with > 15% ring sideroblasts by definition have significant erythroid dysplasia and are classified as MDS-RS-SLD. 

^ See Table 6.03, p. 104. 

Differential diagnosis 
A major difficulty in the diagnosis of MDS 

is the determination of whether the pres¬ 

ence of morphological dysplasia and 

cytopenia is due to a clonal disorder or 

is the result of another factor. Dysplasia, 

even if prominent, is not in itself defini¬ 

tive evidence of a clonal process. Some 

dysplastic features, such as micromega¬ 

karyocytes, are strongly associated with 

MDS (947), but several nutritional, toxic 

and other factors can also cause myelo¬ 

dysplastic changes in any of the haema¬ 

topoietic lineages. These factors include 

vitamin B12 and folic acid deficiency, 

essential element deficiencies (such as 

copper deficiency), exposure to heavy 

metals (in particular arsenic, lead and 

toxic levels of zinc) and exposure to sev¬ 

eral commonly used drugs and biologi¬ 

cal agents (439), Isoniazole treatment in 

the absence of vitamin B6 supplemen¬ 

tation causes ring sideroblast formation. 

The antibiotic cotrimoxazole and the im¬ 

munosuppressants tacrolimus and my- 

cophenolate mofetil can cause marked 

neutrophil hyposegmentation, often in¬ 

distinguishable from the changes seen in 

MDS. In some patients on multiple drugs 

or with multiple comorbidities, it may be 

difficult to identify the cause of dysplastic 

changes {1991,3867), Dysplastic chang¬ 

es can also be encountered in otherwise 
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Table 6.02 Morphological manifestations of dysplasia 

Dyserythropoiesis 
Nuclear 

Nuclear budding 

Internuclear bridging 
Karyorrhexis 

Multinuclearity 

Megaloblastoid changes 

Cytoplasmic 
Ring sideroblasts 

Vacuolization 
Periodic acid-Schiff (PAS) positivity 

Dysgranulopoiesis 
Small or unusually large size 

Nuclear hyposegmentation 

(pseudo-Pelger-Huet) 
Nuclear hypersegmentation 

Decreased granules; agranularity 
Pseudo-Chediak-Higashi granules 

Dohle bodies 

Auer rods 

Dysmegakaryopoiesis 

Micromegakaryocytes 
Nuclear hypolobation 

Multinucleation (normal megakaryocytes are 
uninuclear with lobated nuclei) 

normal marrow {3067}, such as in individ¬ 

uals with the hereditary autosomal domi¬ 

nant Pelger-Huet anomaly resulting from 

mutations in the LBR gene (encoding 

lamin B receptor) {1658}. Therefore, it is 

extremely important to correlate the mor¬ 

phological findings with the clinical pres¬ 

entation and any pertinent family history. 

Congenital haematological disorders 

such as congenital dyserythropoietic 

anaemia must also be considered as a 

possible cause of isolated dyserythro¬ 

poiesis. Parvovirus B19 infection may be 

associated with erythroblastopenia with 

giant pronormoblasts; the immunosup¬ 

pressive agent mycophenolate mofetil 

may also be associated with erythroblas¬ 

topenia, Chemotherapeutic agents may 

result in transient marked dysplasia of all 

Fig. 6.08 Myelodysplastic syndrome with multilineage 

dysplasia and complex cytogenetic abnormalities, includ¬ 

ing del(17p) and del(5q). Dyserythropoiesis is evident on 

this bone marrow smear from an adult male patient. 

myeloid lineages. Granulocyte colony- 

stimulating factor therapy causes mor¬ 

phological alterations in the neutrophils, 

including a substantial left shift, marked 

hypergranularity and nuclear hyposeg¬ 

mentation {3572}, Additionally, blasts 

(usually <5%) may be observed tran¬ 

siently in the peripheral blood; the bone 

marrow blast percentage is generally 

normal in such cases, but is transiently in¬ 

creased in some cases. Hypothyroidism, 

infections, autoimmune disorders, par¬ 

oxysmal nocturnal haemogiobinuria and 

bone marrow lymphomatous involvement 

(in particular large granular lymphocytic 

leukaemia and hairy cell leukaemia) may 

clinically mimic MDS. 

Given all these possibilities, it is extreme¬ 

ly important to be aware of the clinical 

history (including exposure to drugs or 

chemicals) and to always consider non- 

clonal disorders as possible etiologies 

of morphological dysplasia in haemat¬ 

opoietic cells, particularly in cases with 

no increase in blasts. Haematological fol¬ 

low-up over a period of several months, 

possibly including repeated bone mar¬ 

row sampling, may be necessary for dif¬ 

ficult cases. 

Microscopy 
The value of bone marrow biopsy in MDS 

is well established {2981}. It increases 

the diagnostic accuracy compared with 

examination of the aspirate smear alone 

and provides additional information 

about blast percentage and distribution 

within the marrow space {4180}. Bone 

marrow cellularity, megakaryocyte mor¬ 

phology and stromal fibrosis are impor¬ 

tant features revealed by the biopsy. The 

bone marrow in MDS is usually hypercel- 

lular and less commonly normocellular 

or hypocellular for age; cytopenias result 

from ineffective haematopoiesis despite 

the typically increased cellularity. Histo¬ 

logically, aggressive MDS subtypes can 

be characterized by the presence of ag¬ 

gregates (3-5 cells) or clusters (>5 cells) 

of immature myeloid cells in bone marrow 

biopsies, usually localized in the central 

portion of the bone marrow away from 

the vascular structures and endosteal 

surfaces of the bone trabeculae (so- 

called abnormal localization of immature 

precursors) {942}. Immunohistochemistry 

with an antibody to CD34 (an antigen ex¬ 

pressed in the blasts in most MDS cases) 

can be used to confirm the blast nature 

of immature myeloid cells in the biopsy 

Fig. 6.09 Dysplastic megakaryocytes. Bone marrow | 
aspirate smear from a 37-year-old man with pan- j 

cytopenia, showing hypolobated megakaryocytes and i 

micromegakaryocytes. 

sections {3724,3895A}. Immunohisto- 

chemical analysis with CD34 is especially 

useful for assessing blast percentage in 

cases of MDS with fibrosis or a hypocel¬ 

lular marrow, in which blast percentages 

are often underestimated in the smear 

preparations. CD34 is positive in mega¬ 

karyocytes in some cases of MDS, but 

may also stain megakaryocytes in mega¬ 

loblastic anaemia {1761}. KIT (CD117) 

staining can be informative in MDS cases 

with CD34-negative blasts. However, KIT 

is expressed not only by myeloblasts but 

also by proerythroblasts, promyelocytes 

and mast cells. Megakaryocyte mark¬ 

ers (e.g. CD42b and CD61) can facilitate 

identification of small megakaryocytes 

and micromegakaryocytes, although 

apoptotic megakaryocytes may superfi¬ 

cially mimic micromegakaryocytes in the 

immunostained sections. Immunostain- 

ing for p53 can be useful {2983,2988}, 

because it correlates well with TP53 mu¬ 

tation status and has important prognos¬ 

tic significance {769,3472}. 

Hypoplastic myelodysplastic syndrome I 
In approximately 10% of MDS cases, ) 

the bone marrow is hypocellular for age. * 

These cases have been referred to as 1 
hypoplastic MDS. This group does not | 

constitute a specific MDS subtype in this , 

classification. It can present with or with¬ 

out increased bone marrow blasts; some 

studies have suggested that hypocellu- 

larity may be an independent favourable 

prognostic variable in MDS {1723,4453}. 

Hypocellularity in MDS may lead to dif¬ 

ficulties in the differential diagnosis with 

aplastic anaemia {1445,2982}; significant 

dysplasia (most often micromegakaryo¬ 

cytes), increased blasts identified by i 
CD34 staining of bone marrow biopsy 

sections, and an abnormal karyotype 

(excluding trisomy 8, which may be seen 
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Fig. 6.10 Myelodysplastic syndrome with multilineage 

dysplasia. Dysgranulopoiesis is present in the bone 

marrow aspirate smear, including hypogranular neutro¬ 

phils with pseudo-Pelger-Huet anomaly. 

in some cases of aplastic anaemia) are 

helpful in this distinction (342,945,947). 

MDS-associated somatic mutations have 

been reported to occur in as many as one 

third of patients with aplastic anaemia 

(4440). Immunosuppressive therapies 

used to treat aplastic anaemia have been 

used with some degree of success in this 

MDS subgroup (439,2334,3698,4447, 

4448). When considering the diagnosis 

of hypoplastic MDS, it is important to ex¬ 

clude acute marrow injury due to a toxin, 

infection or an autoimmune disorder. 

Myelodysplastic syndrome with fibrosis 
Significant degrees of myelofibrosis (i.e. 

corresponding to grade 2 or 3 of the 

WHO grading scheme) (3975) are ob¬ 

served in 10-15% of MDS cases, and 

these cases have been referred to as 

MDS with fibrosis (MDS-F) (2201). Sig¬ 

nificant fibrosis does not define a spe¬ 

cific MDS subtype in this classification. 

However, many of the cases with fibrosis 

have an excess of blasts, and significant 

fibrosis is associated with an aggressive 

clinical course in MDS, independent of 

the blast count (942,1261). MDS-F cases 

with excess blasts may erroneously be 

diagnosed as low-grade MDS based 

only on the blast count determined from 

the bone marrow aspirate, which is usu¬ 

ally diluted with peripheral blood. In this 

fibrotic group, as in other cases of MDS 

with inadequate aspirates, accurate blast 

determination requires a bone marrow bi¬ 

opsy, and immunohistochemical studies 

for CD34 may prove invaluable. Unlike 

the myeloproliferative neoplasm entity 

primary myelofibrosis, MDS-F is usually 

not associated with splenomegaly, leu- 

koerythroblastosis or intrasinusoidal hae- 

matopoiesis and typically exhibits MDS- 

type megakaryocyte morphology (i.e, 

micromegakaryocytes), other dysplastic 

changes and often increased blasts as 

revealed by CD34 immunostaining (947). 

Immunophenotype 
The immunophenotypic abnormalities 

that have been described in MDS hae¬ 

matopoietic cells compared with normal 

haematopoiesis are abnormal quantity 

and aberrant phenotypes of progenitor 

cells; aberrant immunophenotypic pro¬ 

files of maturing granulocytic, erythroid 

and monocytic cells; and a decrease 

of haematogones (63,1856,2555,2935, 

3895), Abnormal myeloid maturation 

patterns include asynchrony of CD15 

and CD16 on granulocytes; altered ex¬ 

pression of CD13 in relation to CDIIb or 

GDI6; and aberrant expression of CD56 

and/or CD7 on progenitors, granulocytes 

or monooytes. Decreased side-scatter of 

granulocytes can also be seen, in eryth¬ 

roid ceils, an increased coefficient of vari¬ 

ation and decreased intensity of CD71 or 

CD36 expression are highly associated 

with MDS (2563), There is generally good 

correlation between the percentage of 

blasts as determined by morphological 

examination of the bone marrow aspi¬ 

rate smear or touch imprint, immunohis- 

tochemistry of the bone marrow biopsy 

section and flow cytometry (CD34-f cells) 

(1994), However, in some cases there 

may be significant discordance due to 

marrow fibrosis or haemodiluted sam¬ 

ples; therefore, percentages of CD34-i- 

cells as determined by flow cytometry 

cannot replace the morphological differ¬ 

ential count. Nevertheless, the finding of 

CD34-I- myeloid progenitors accounting 

for >2% of nucleated cells has been re¬ 

ported to be of adverse prognostic sig¬ 

nificance in MDS (2555A,2556), 

Flow cytometry findings alone are not 

sufficient to establish a primary diagnosis 

of MDS in the absence of definitive mor¬ 

phological and/or cytogenetic findings, A 

series of consensus guidelines has been 

published by the European LeukemiaNet 

(ELN) MDS working group regarding the 

use of flow cytometry in the diagnos¬ 

tic work-up of patients with MDS (3223, 

4117,4118,4305), including a summary of 

the reported aberrations associated with 

MDS and how to report the results (2463, 

3223,4119). Aberrant findings in at least 

three tested features and at least two 

cell compartments have been reported 

to be highly associated with an MDS or 

MDS/MPN diagnosis in several stud¬ 

ies (3221,3223,4063,4119), More limited 

Fig. 6.11 Dysplastic megakaryocyte. Bone marrow 

smear from a case of myelodysplastic syndrome with 

single lineage dysplasia shows a binucleated mega¬ 

karyocyte with separated round nuclei. 

screening panels have also been applied 

(4,259,945,1856,2933,3287), but may 

be less sensitive and less specific than 

larger panels. 

Cell of origin 
The postulated cell of origin is a haema¬ 

topoietic stem cell. 

Genetic profile 
Cytogenetic studies play a major role in 

the evaluation of patients with MDS in re¬ 

gard to prognosis, determination of clon- 

ality (1442,3551,2971) and recognition of 

cytogenetic correlates with morphological 

and clinical features. MDS with isolated 

del(5q), i.e, either with a del(5q) alone or 

with one additional abnormality other than 

loss of chromosome 7 or del(7q), is a spe¬ 

cific MDS subtype in this classification. It 

occurs more often in women and is char¬ 

acterized by megakaryocytes with non-lo- 

bated or hypolobated nuclei, macrocytic 

anaemia, normal or increased platelet 

count, and a favourable clinical course. 

Loss of 17p is associated with MDS or 

AML with pseudo-Pelger-Huet anomaly, 

small vacuolated neutrophils, TP53 muta¬ 

tion and an unfavourable clinical course; 

it is most common in therapy-related MDS 

(2187), Complex karyotypes (>3 abnor¬ 

malities) typically include abnormalities of 

chromosomes 5 and/or 7, such as del(5q), 

loss of 5q, loss of chromosome 7 and 

del(7q); these are generally associated 

with an unfavourable clinical course. Sev¬ 

eral other cytogenetic findings appear to 

be associated with characteristic morpho¬ 

logical abnormalities; for example, isolat¬ 

ed del(20q) is associated with dysmega- 

karyopoiesis and thrombocytopenia, and 

inv(3)(q21.3q26.2) or t(3;3)(q21,3;q26.2) 

is associated with abnormal megakaryo¬ 

cytes and may be associated with throm¬ 

bocytosis. (446,1500,2142,3392), 
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Certain clonal cytogenetic abnormali¬ 

ties that often occur in MDS, i.e. loss of 

Y chromosome, gain of chromosome 8, 

and del(20q), have also been described 

in non-neoplastic conditions; when these 

ocour as a sole abnormality in the ab¬ 

sence of defining morphological criteria, 

they are not considered definitive evi¬ 

dence of MDS. In cases with refractory, 

unexplained cytopenia but no morpho¬ 

logical evidence of dysplasia or increased 

blasts, the other cytogenetic abnormali¬ 

ties listed in Table 6.03 are considered 

presumptive evidence of MDS, and such 

cases are included in the category of 

MDS, unclassifiable. It is recommended 

that these patients be followed carefully 

for emerging morphological evidence of 

a more specific MDS subtype. The pres¬ 

ence of MDS-type cytogenetic abnormal¬ 

ities may be used to support a diagnosis 

of MDS-EB in rare cases associated with 

excess blasts without clear-cut evidence 

of dysplasia. 

In addition to recurrent cytogenetic ab¬ 

normalities identified by conventional 

karyotyping, which are present in about 

50% of MDS cases, recurrent somatic 

mutations in more than 50 genes have 

been identified in 80-90% of MDS 

cases. The genes found to be mutated 

in at least 5% of MDS cases are listed 

in Table 6.04. The most commonly mu¬ 

tated genes in MDS encode proteins that 

control RNA splicing {SF3B1, SRSF2, 
U2AF1 and ZRSR2 in aggregate mu¬ 

tated in >50% of cases) or epigenetic 

regulation of gene expression via DNA 

methylation {TET2, DNMT3A, IDH1 and 

IDFI2) or histone modification {ASXL1 
and EZFI2). Other commonly mutated 

genes are those encoding transcription 

factors {RUNX1, NRAS, BCOR), signal¬ 

ling proteins {CBL), the tumour suppres¬ 

sor p53 {TP53), and the cohesin complex 

{STAG2), which controls the cohesion of 

sister chromatids (1513,3050). As with 

cytogenetic abnormalities, specific mu¬ 

tations have been associated with spe¬ 

cific morphological features in MDS. For 

example, SF3B1 mutation is associated 

with ring sideroblasts and mutations in 

ASXL1, RUNX1, TP53 and SRSF2 are 

associated with severe granulocytic dys¬ 

plasia (947). 

The mutational landscape of MDS is 

complex and dynamic. Multiple muta¬ 

tions can be present (most often in a 

spliceosome gene plus an epigenetic 

regulator); distinct mutation profiles can 
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Table 6.03 Recurrent chromosomal abnormalities and 

their frequencies in myelodysplastic syndrome (MDS) 

at diagnosis 

Chromosomal Frequency 

abnormality 
MDS 
overall 

Therapy- 
related 

MDS 

Unbalanced 

Gain of chromosome 8^ 10% 

Loss of chromosome 7 

ordel(7q) 

10% 50% 

del(5q) 10% 40% 

del(20q)" 5-8% 

Loss of Y chromosome^ 5% 

Isochromosome 

17qort(17p) 3-5% 25-30% 

Loss of chromosome 13 

ordel(13q) 3% 

del(llq) 3% 

del(12p) or t(12p) 3% 

del(9q) 1-2% 

idic(X)(q13) 1-2% 

Balanced 

t(11;16)(q23.3;p13.3) 3% 

t(3;21)(q26.2;q22.1) 

t(1;3)(p36.3;q21.2) 1% 

2% 

t(2;11)(p21;q23,3) 1% 

inv(3)(q21.3q26.2)/ 

t(3;3)(q21.3;q26,2) 1% 

t(6;9)(p23;q34.1) 1% 

^ As a sole cytogenetic abnormality in the absence 

of morphological criteria, gain of chromosome 8, 

del(20q) and loss of Y chromosome are not 

considered definitive evidence of MDS; in the set¬ 

ting of persistent cytopenia of undetermined origin, 

the other abnormalities shown in this table are 

considered presumptive evidence of MDS, even in 

the absence of definitive morphological features. 

be present in two or more subclones; 

and the relative proportions of these 

subclones can shift over the course 

of treatment and disease progres¬ 

sion (4232). Acquired clonal mutations 

identical to those seen in MDS (affect¬ 

ing genes such as ASXL1, TP53, JAK2, 
SF3B1, TET2 and DNMT3A) can also 

occur in the haematopoietic cells of ap¬ 

parently healthy older individuals without 

MDS (1326,1830,3772). Therefore, MDS- 

associated somatic mutations alone are 

not considered diagnostic of MDS in this 

classification, even in patients with unex¬ 

plained cytopenia. Rare cases of familial 

MDS are associated with germline muta¬ 

tions, which can be investigated by se¬ 

quencing non-MDS tissue (e.g. normal 

lymphocytes). These cases and their 

associated mutations are discussed 

separately (see Myeloid neoplasms with 
germllne predisposition, p. 121). In the 

current classification, SF3B1 mutation is 

the only genetic abnormality that influ¬ 

ences MDS subtype assignment, as part 

of the diagnostic criteria for MDS with 

ring sideroblasts. 

Prognosis and predictive factors 
The subtypes of MDS included in this 

classification can be generally catego¬ 

rized into three risk groups on the basis 

of survival time and incidence of evolu¬ 

tion to AML. The low-risk group contains 

MDS with single lineage dysplasia, MDS 

with ring sideroblasts and single line¬ 

age dysplasia, and MDS with isolated 

del(5q). The intermediate-risk group con¬ 

tains MDS with multilineage dysplasia 

and MDS with ring sideroblasts and mul¬ 

tilineage dysplasia. The high-risk group 

consists of MDS with excess blasts. The 

category of MDS, unclassifiable, encom¬ 

passes cases with heterogeneous clini¬ 

cal behaviour. Patients with bicytopenia 

despite single lineage dysplasia have 

been reported to have shorter survival 

times than patients with one cytopenia; 

conversely, patients with one cytopenia 

and multilineage dysplasia have longer 

survival times than patients with bicyto¬ 

penia (4179). 

The importance of cytogenetic features 

as prognostic indicators in MDS was 

codified by the International MDS Risk 

Analysis Workshop in 1997 (1442), and 

this cytogenetic risk categorization was 

updated in 2012 (3551). The current 

Comprehensive Cytogenetic Scoring 

System (CCSS) for MDS contains five 

prognostic subgroups (Table 6.05). The 

original IPSS risk stratification scheme for 

MDS (1442) was also updated in 2012. 

The Revised IPSS (IPSS-R) (1444) Incor¬ 

porates the percentage of bone marrow 

blasts, CCSS cytogenetic risk group, 

and degree of cytopenia in each lineage 

to predict survival and risk of evolution 

to AML (Table 6.06). The blast percent¬ 

age thresholds used in the IPSS-R differ 

from those in the current WHO classifica¬ 

tion, and include a 0-2% blast category 

that is not included in this classification; 

therefore, it is important to note the actual 
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Table 6.04 Common gene mutations in myelodysplastic syndromes (i.e. found in at least 5% of cases) 

{311,312,1513,3050,3988,4478} 

Gene mutated Pathway Frequency Prognostic impact 

SFSeH RNA splicing 20-30% Favourable 

TET2^ DNA methylation 20-30% See footnote 

ASXL1^ Histone modification 15-20% Adverse 

SRSF2^ RNA splicing -15% Adverse 

DNMT3A^ DNA methylation -10% Adverse 

RUNX1 Transcription factor 

''.P
 

O
 

T
 Adverse 

U2AF1^ RNA splicing 5-10% Adverse 

TP53^ Tumour suppressor 5-10% Adverse 

EZH2 Histone modification 5-10% Adverse 

ZRSR2 RNA splicing 5-10% See footnote 

STAG2 Cohesin complex 5-7% Adverse 

IDH1/IDH2 DNA methylation -5% See footnote 

CBL^ Signalling -5% Adverse 

NRAS Transcription factor -5% Adverse 

BCOR^ Transcription factor -5% Adverse 

^ These genes are also reported to be mutated in clonal haematopoietic cells in a subset of 

healthy individuals (clonal haematopoiesis of indeterminate potential). 

Either neutral prognostic impact or conflicting data. 

Table 6.05 The Comprehensive Cytogenetic Scoring 

System (CCSS) for myelodysplastic syndromes. 

From: Schanz J, et al. {3551} 

Prognostic 

subgroup 

Defining cytogenetic 

abnormalities 

Very good Loss of Y chromosome 

del(llq) 

Good Normal 

del(5q) 

del(12p) 

del(20q) 

Double, including del(5q) 

Intermediate del(7q) 

Gain of chromosome 8 

Gain of chromosome 19 

Isochromosome 17q 

Single or double abnormalities 

not specified in other 

subgroups 

Two or more independent 

non-complex clones 

Poor Loss of chromosome 7 

inv(3), t(3q)ordel(3q) 

Double including loss of chro¬ 

mosome 7 ordel(7q) 

Complex (3 abnormalities) 

Very poor Complex (> 3 abnormalities) 

bone marrow blast percentage in all 

MDS diagnoses, so that the IPSS-R can 

be applied. Five IPSS-R risk groups are 

defined, on the basis of the total score 

of the parameters listed in Table 6.06: 

very low, low, intermediate, high and very 

high. The IPSS-R is significantly better at 

predicting survival and evolution to AML 

than the original IPSS {4219}. Consid¬ 

eration of patient age further improves 

survival prediction in the IPSS-R {1444}. 

Another risk-stratification scheme used 

to predict outcome in MDS is the WHO 

Classification-based Prognostic Scoring 

System (WPSS), which incorporates ad¬ 

ditional variables of transfusion require¬ 

ment and morphological dysplasia (sin¬ 

gle lineage vs multilineage) that are not 

included in the IPSS-R. The WPSS may 

be particularly useful when applied to 

lower-risk cases and at time points after 

the initial diagnosis |2462}. 

Accumulating data indicate that both 

number and type of individual gene 

mutations are strongly associated with 

disease outcome in MDS. The addi¬ 

tion of mutation data improves the abil¬ 

ity of existing risk-stratification schemes 

such as the IPSS to predict prognosis in 

MDS {311,312}. Many commonly mutated 

Fig. 6.12 Myelodysplastic syndrome with fibrosis (MDS-F). A Bone marrow biopsy from a case of MDS with excess blasts and fibrosis shows several micromegakaryocytes. 

B Reticulin of a marrow biopsy from a case of MDS with fibrosis reveals a marked increase in reticulin fibres, 
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genes have been associated with an un¬ 

favourable prognosis in MDS; whereas 

mutation in SF3B1 is associated with a 

more favourable prognosis (Table 6,04, 

p. 105), Certain mutations may also be as¬ 

sociated with responses to specific ther¬ 

apies, For example, TET2 and DNMT3A 
mutations appeared to affect the thera¬ 

peutic response of patients with MDS 

to hypomethylating agents in one study 

{4041}, and TP53 mutation in MDS with 

del(5q) may predict a poorer response 

to lenalidomide (2474), TP53 mutation in 

MDS is associated with very aggressive 

disease, and predicts shorter survival in 

patients undergoing stem cell transplan¬ 

tation {769,313), Sensitive sequencing 

techniques should optimally be applied 

in MDS mutation analysis for prognosis, 

because even small subclones present 

at the initial diagnosis may show muta¬ 

tions in relevant genes, such as TP53, 
and can later expand to confer therapeu¬ 

tic resistance (1894,4232), 

Table 6.06 The Revised International Prognostic Scoring System (IPSS-R) score values for 

myelodysplastic syndromes. From; Greenberg PL, et al, {1444} 

Prognostic variable Score values 

0 0.5 1 1.5 2 3 4 

Karyotype (CCSS group ^) Very good — Good — Intermediate Poor Very poor 

Bone marrow blast <2% — >2% to — 5-10% >10% — 

percentage <5% 

Haemoglobin >10 — 8 to <8 — — — 

concentration (g/dL) <10 

Platelets (x 10^/L) >100 50 to <50 — — — — 

<100 

Absolute neutrophil count 

(X 10®/L) 

>0.8 <0,8 — — — — — 

Five risk groups are defined, on the basis of the total score of the parameters listed above: 

Very low: <1.5 

Low: >1.5 to3 

Intermediate: >3 to 4.5 

High: >4.5 to 6 

Very high: >6 

— Indicates not applicable 

The Comprehensive Cytogenetic Scoring System (CCSS) group definitions are listed in Table 6.05, p. 105. 

Myelodysplastic syndromes 

Myelodysplastic syndrome with 
single lineage dysplasia 

Brunning R.D, 

Hasserjian R.P. 

Porwit A. 

Bennett J.M. 

Orazi A, 

Thiele J. 

Hellstrbm- 

Lindberg E. 

List A.F. 

Definition 
The category of myelodysplastic syn¬ 

drome (MDS) with single lineage dyspla¬ 

sia (MDS-SLD) encompasses the MDS 

cases that present with unexplained 

cytopenia or bicytopenia, with >10% 

dysplastic cells in one myeloid lineage. 

Most patients present with persistent un¬ 

explained anaemia or bicytopenia; some 

present with persistent unexplained neu¬ 

tropenia or thrombocytopenia (2423). 

In the 2008 edition of this classification, 

MDS-SLD was called refractory cytope¬ 

nia with unilineage dysplasia, and was 

divided into three subtypes: refractory 

anaemia, refractory neutropenia and re¬ 

fractory thrombocytopenia. This subclas¬ 

sification has been controversial; some 

studies have demonstrated no clear cor¬ 

relation between lineage cytopenia and 

lineage dysplasia and no significant dif¬ 

ferences in survival between the three 

subtypes (1503,2423,2568,4179). How¬ 

ever, other studies have found some sur¬ 

vival differences (449,2511). Given these 

conflicting findings and the inconsisten¬ 

cies between lineage cytopenia and line¬ 

age dysplasia, we recommend that cas¬ 

es of MDS presenting with single lineage 

cytopenia or bicytopenia and unilineage 

dysplasia be classified as MDS-SLD, 

without additional subclassification. 

The presenting lineage dysplasia and 

cytopenias(s) should be noted in the di¬ 

agnostic conclusion. The defining feature 

of this type of MDS is >10% dysplastic 

cells in one myeloid lineage. Cases with 

erythroid dysplasia only and >15% ring 

sideroblasts (or >5% ring sideroblasts 

in the presence of SP3B1 mutation) are 

classified as MDS with ring sideroblasts 

and single lineage dysplasia (MDS-RS- 

SLD). If SP3B1 mutation status is un¬ 

known, it is recommended that cases 

with 5-14% ring sideroblasts and single 

lineage dysplasia be classified as MDS- 

SLD. As in the 2008 classification, it is 

recommended that cases with single 

lineage dysplasia and pancytopenia be 

categorized as MDS, unclassifiable. 

As noted in the Oi/erv/ew section (p.98), 

the recommended thresholds for de¬ 

fining cytopenias are haemoglobin 

concentration <10 g/dL, absolute neu¬ 

trophil count <1,8x10®/L and plate¬ 

let count <100 X 10®/L, as per the risk 
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stratification guidelines of the original 

International Prognostic Scoring System 

(IPSS) (1442,14441, Ethnicity and sex 

should be taken into consideration when 

assessing cytopenias. Presentation with 

milder cytopenias above the IPSS levels 

does not exclude a diagnosis of MDS if 

definitive morphological and/or cytoge¬ 

netic evidence of MDS is present. The 

type of cytopenia may correspond to the 

type of lineage dysplasia (e.g. anaemia 

and erythroid dysplasia), or there may 

be discordance between the cytopenia 

and the dysplastic lineage. If there is no 

clonal cytogenetic abnormality, it is rec¬ 

ommended that the patient be observed 

for >6 months before a definitive diagno¬ 

sis of MDS-SLD is established, unless 

more definitive morphological and/or cy¬ 

togenetic evidence emerges during the 

observation period. 

All potential non-clonal causes of the 

dysplasia must be excluded before the 

diagnosis of MDS is established (1503), 

including drug and toxin exposure, 

growth factor therapy, viral infections, 

immunological disorders, congenital 

disorders, vitamin deficiencies and es¬ 

sential element deficiencies (e.g. copper 

deficiency) (1449). Excessive zinc sup¬ 

plementation has also been reported to 

be associated with severe cytopenia and 

dysplastic changes (1778), 

The presence of blasts in the peripheral 

blood essentially excludes a diagnosis 

of MDS-SLD, although in an occasional 

case a rare blast may be identified; cases 

with the characteristics of MDS-SLD and 

1% blasts in the peripheral blood on two 

successive evaluations and <5% blasts in 

the bone marrow should be categorized 

as MDS, unclassifiable, due to the more 

aggressive clinical course reported for 

such cases {2423}. The number of these 

patients is very low; they should be care¬ 

fully monitored for increasing bone mar¬ 

row blast percentage and, if appropriate, 

reclassified. Cases in which there are 

2-4% blasts in the peripheral blood and 

<5% blasts in the bone marrow should be 

classified as MDS with excess blasts 1 if 

other criteria for MDS are present. 

MDS-SLD should not be equated with 

idiopathic cytopenia of undetermined 

significance, which lacks the minimal 

morphological criteria requisite for a 

diagnosis of MDS (4336), Given the evi¬ 

dence of MDS-associated mutations in 

healthy older Individuals, referred to as 

clonal haematopoiesis of Indeterminate 

potential, the presence of mutations 

alone, even in a patient with cytopenia, is 

not sufficient for a diagnosis of MDS-SLD 

in the absence of >10% dysplastic cells 

in one myeloid lineage (3772). 

Differential diagnosis 
The major features of MDS-SLD are cy¬ 

topenia and >10% dysplastic cells in one 

myeloid cell line. As emphasized in the 

Overwew section (p. 98), it is essential to 

exclude all possible non-clonal etiologies 

for the abnormalities. In the age group in 

which MDS-SLD most commonly occurs, 

this can be particularly problematic be¬ 

cause of the frequency of anaemia due 

to a number of comorbid conditions, in¬ 

cluding nutritional deficiencies, impaired 

renal function, inflammatory responses 

and non-haematopoletic neoplasms. 

In patients presenting with anaemia, 

the evaluation should include a detailed 

clinical history and laboratory studies, 

with particular emphasis on possible vi¬ 

tamin B12 or folic acid deficiency. Less 

common causes (e.g. paroxysmal noc¬ 

turnal haemogloblnuria) must also be ex¬ 

cluded, The possibility of toxic exposure 

should always be considered. Arsenic 

poisoning, either accidental or intention¬ 

al, may cause cytopenias with substan¬ 

tially dysplastic features. 

Persistent unexplained neutropenia and 

thrombocytopenia as specific entities are 

much less common. Detailed evaluation 

should exclude the possibility of familial 

occurrence and comorbid conditions 

such as immune disorders, T-cell large 

granular lymphocytic leukaemia, viral in¬ 

fections and medications (1503}. Cytoge¬ 

netic studies will facilitate the diagnosis 

in some cases with insufficient or border¬ 

line dysplasia. 

Fig. 6.13 Myelodysplastic syndrome with single line¬ 

age dysplasia. Bone marrow smear shows dyserythro- 

poiesis. The nuclei of two polychromatic erythroid 

precursors in the upper right are connected by a thin 

chromatin strand (internuclear bridging); the two cells 

are unequal in size and the nucleus on the right is lobed. 

Fig. 6.14 Myelodysplastic syndrome with single lineage 

dysplasia. Bone marrow smear from a 27-year-old man 

shows a dysplastic megakaryocyte. There is asynchro¬ 

nous nuclear-cytoplasmic maturation, with well-granu¬ 

lated cytoplasm and a non-lobated immature nucleus. 

Persistent cytopenias without morpho¬ 

logical evidence of dysplasia or MDS- 

defining cytogenetic abnormalities 

should not be diagnosed as MDS-SLD. 

The designation of idiopathic cytopenia 

of undetermined significance may be ap¬ 

propriate in such cases, but the use of 

the term is not equivalent to a diagnosis 

of MDS {4336}. 

The distinction of MDS-SLD from other 

types of MDS is based on the criteria for 

the various types outlined in the Over¬ 
view section (p.98). The most difficult 

distinction is with MDS with multilineage 

dysplasia (MDS-MLD); this distinction 

is based on the presence of dysplastic 

changes in > 10% of two or three myeloid 

lineages in MDS-MLD, MDS-RS-SLD is 

also characterized by unilineage dyspla¬ 

sia and is distinguished from MDS-SLD 

by the presence of >15% ring sidero- 

blasts, or >5% ring siderobiasts if SF3B1 
mutation is present, 

ICD-0 code 9980/3 

Synonyms 
Refractory neutropenia (no longer recom¬ 

mended); refractory cytopenia with uni¬ 

lineage dysplasia; refractory anaemia (no 

longer recommended); refractory throm¬ 

bocytopenia (no longer recommended) 

Epidemiology 
MDS-SLD accounts for 7-20% of all eases 

of MDS {947,1338,1341,2467}. It is pri¬ 

marily a disease of older adults; the me¬ 

dian patient age at onset is 65-70 years. 

There is no significant sex predilection. 

The vast majority of cases present with 

refractory anaemia or bicytopenia. Pre¬ 

sentations with persistent unexplained 

isolated neutropenia or thrombocytope¬ 

nia are uncommon and extreme caution 
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should be used in making a diagnosis of 

MDS-SLD in these settings {1503,2423}. 

The frequency of MDS-SLD appears to 

be higher in the Japanese population 

than in Germans {2566}. 

Localization 
The peripheral blood and bone marrow 

are the principal sites of involvement. 

Clinical features 
The presenting symptoms are generally 

related to the type of cytopenia. The cyto- 

penias are unresponsive to haematinic 

therapy but may respond to growth fac¬ 

tors {1707}. 

Microscopy 
In the peripheral blood, the red blood 

cells are usually normochromic and nor- 

mocytic or normochromic and macro¬ 

cytic. Unusually, there is anisochromasia 

or dimorphism with populations of both 

normochromic and hypochromic red 

blood cells; this finding is more common 

in MDS with ring sideroblasts. Anisocyto- 

sis and poikilocytosis range from absent 

to marked. 

As noted, circulating blasts are rarely 

seen, and if present, account for <1% 

of the peripheral blood leukocytes. The 

presence of any blasts should call into 

question the diagnosis of MDS-SLD; as 

previously stated, the presence of 1% 

blasts on two successive examinations 

warrants categorization of the case as 

MDS, unclassifiable. 

In cases of MDS-SLD with dyserythro- 

poiesis, the erythroid precursors in the 

bone marrow can vary from markedly 

decreased to markedly increased. Dys- 

erythropoiesis varies in degree, but is 

always present in >10% of the nucleated 

erythroid precursors. There may be a 

shift to more immature cells. The primary 

manifestation of dyserythropoiesis is in 

the nucleus. There may be nuclear bud¬ 

ding, internuclear chromatin bridging, 

multinuclearity, megaloblastoid changes 

or karyorrhexis. Megaloblastoid nuclear 

changes are best evaluated in the poly¬ 

chromatic and orthochromatic stages of 

development because of the normally 

fine chromatin pattern in the nuclei of 

proerythroblasts and basophilic erythro- 

blasts. Dysplastic cytoplasmic features 

include impaired haemogiobinization, 

vacuolization, and periodic acid-Schiff 

(PAS) positivity (either diffuse or granu¬ 

lar). Ring sideroblasts may be present. 

> 
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Fig. 6.15 Myelodysplastic syndrome with single lineage 

dysplasia. Peripheral blood smear from a 56-year-old 

man shows granulocytic dysplasia. The neutrophil in the 

upper right is normal-appearing, with well-granulated 

cytoplasm and a normally segmented nucleus. The 

neutrophil in the lower left is dysplastic, with moderately 

hypogranular cytoplasm and occasional Dohle bodies; 

the nucleus shows retarded segmentation. Approxi¬ 

mately half of the neutrophils were dysplastic. 

but account for <15% of the erythroid 

precursors. If the proportion of ring si¬ 

deroblasts is >5% but <15% and there 

is SF3B1 mutation, the case should be 

classified as MDS-RS-SLD. If the SF3B1 
mutation status is unknown, the case 

should be classified as MDS-SLD. 

Neutrophil dysplasia can manifest as 

small size, dense chromatin, variable 

degrees of nuclear hyposegmentation, 

pseudo-Pelger-Huet changes, and ab¬ 

normalities of granulation (either agranu- 

larity or hypogranularity). Less common¬ 

ly, large granules resembling those found 

in Chediak-Higashi syndrome may be 

seen. Nuclear hypersegmentation may 

also be noted. 

The principal manifestations of mega- 

karyocytic dysplasia include hypolobat- 

ed or bilobed nuclei, multiple separated 

nuclei, and micromegakaryocytes; mi¬ 

cromegakaryocytes are considered to 

be the most reliable and reproducible 

evidence of megakaryocytic dyspla¬ 

sia {1338,2568,4179}. Megakaryocytic 

dysplasia may be more apparent in bone 

marrow sections than smears, and its 

conspicuousness is increased by immu- 

nohistochemical reactions and PAS stain. 

The assessment of megakaryocytic dys¬ 

plasia should be based on examination 

of >30 megakaryocytes. A threshold 

of >10% dysplastic megakaryocytes 

is recommended for the diagnosis of 

megakaryocytic dysplasia. However, 

some experts have found thresholds of 

30-40% dysplastic megakaryocytes to 

be more reliable for distinguishing nor¬ 

mal from dysplastic bone marrow {1338, 

2568,947}. The bone marrow is typically 

normocellular or hypercellular; hypocel- 

lularity is observed in a subset of cases 

{1338,2566}. 

Immunophenotype 
The immunophenotyping principles de¬ 

scribed in the Overview section (p. 98) i 

should be followed. In MDS-SLD with , 

erythroid dysplasia, aberrant immu- i 

nophenotypic features of erythropoietic 

precursors can be found by flow cytom¬ 

etry analysis {944,1994,3223}. In a frac- j 

tion of these cases, flow cytometry also 

detects aberrant immunophenotypic 

features in the myelomonocytic compart- ■ 
ment or in precursors {259,946,1994, 

3223}. These patients should be reas¬ 

sessed and closely observed for devel- : 

opment of multilineage dysplasia {3223}. 

Cell of origin 
A haematopoietic stem cell 

Genetic profile 
Cytogenetic abnormalities may be ob¬ 

served in as many as 50% of cases 

{1341,2423}. Several acquired clonal 

chromosomal abnormalities may be 

observed, but although useful for es¬ 

tablishing a diagnosis of MDS, they are 

not specific. The abnormalities gener¬ 

ally associated with MDS-SLD include 

del(20q), gain of chromosome 8, and 

abnormalities of chromosomes 5 and 7; 

del(20q) has been reported in patients 

with MDS-SLD (as well as MDS-MLD) 

presenting with thrombocytopenia {446, j 

1500,3526}. This finding may be useful in } 

distinguishing MDS from immune-medi- ! 

ated thrombocytopenia. I 
Somatic driver mutations have been | 

identified in 60-70% of cases of MDS- i 

SLD. The underlying mutations affect a ' 

haematopoietic stem cell and are pres¬ 

ent in all lineages despite the limitation 

of dysplastic findings to one lineage 

{4354}. TET2 and ASXL1 appear to be 

the most commonly mutated genes in 

MDS-SLD {1513}. However, mutations 

in other DNA methylation genes, splic¬ 

ing factors, RAS pathway genes, cohe¬ 

sion complex genes and RUNX1 are 

less common than in MDS-MLD and 

MDS with excess blasts {2465}. SF3B1 
mutation is rare. Cases with features of 

MDS-SLD, an SF3B1 mutation, and <5% 

ring sideroblasts should be diagnosed 

as MDS-SLD, whereas cases with fea¬ 

tures of MDS-SLD, an SF3B1 mutation, 

and >5% ring sideroblasts should be 
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diagnosed as MDS-RS-SLD. In the ab¬ 

sence of diagnostic dysplasia or a de¬ 

fining cytogenetic abnormality, somatic 

mutations or copy number abnormalities 

are not sufficient to establish a diagnosis 

of MDS-SLD in a patient with cytopenia, 

and are considered to be within the spec¬ 

trum of clonal haematopoiesis of indeter¬ 

minate potential {3772}. 

Prognosis and predictive factors 
The clinical course is usually protract¬ 

ed. The median overall survival of pa¬ 

tients with MDS-SLD is approximately 

66 months, and the rate of progression 

to acute myeloid leukaemia at 5 years 

is 10% {1341,2423,2467}. In one study, 

the median survival of patients aged 

>70 years with MDS-SLD was not sig¬ 

nificantly different from that of the non-af- 

fected population {2467}. Approximately 

90-95% of patients with MDS-SLD have 

a low or intermediate 1 IPSS risk score 

{1442,2423). A similar percentage of pa¬ 

tients have a very low or low WHO Clas¬ 

sification-based Prognostic Scoring Sys¬ 

tem (WPSS) risk score {948,2423,2467}. 

Approximately 85% of patients have 

good or very good cytogenetic profiles. 

Most patients with MDS-SLD presenting 

with thrombocytopenia have low IPSS 

risk scores, and 90% of the patients live 

more than 2 years {3526}. However, one 

study reported shorter survival for pa¬ 

tients presenting with thrombocytopenia 

as a result of haemorrhagic complica¬ 

tions {450}. 

Myelodysplastic syndrome 
with ring sideroblasts 

Hasserjian R.P. 

Gattermann N. 

Bennett J.M. 

Brunning R.D. 

Malcovati L. 

Thiele J. 

Definition 
Myelodysplastic syndrome (MDS) with 

ring sideroblasts (MDS-RS) is an MDS 

characterized by cytopenias, morpho¬ 

logical dysplasia and ring sideroblasts 

usually constituting >15% of the bone 

marrow erythroid precursors; secondary 

causes of ring sideroblasts must be ex¬ 

cluded. There is associated SF3B1 muta¬ 

tion in most cases, and in the presence 

of such mutation, the diagnosis can be 

made with >5% marrow ring sideroblasts. 

Myeloblasts account for <5% of the nu¬ 

cleated bone marrow cells and <1% of 

peripheral blood leukocytes. Auer rods 

are absent, and the diagnostic criteria 

for MDS with isolated del(5q) are not ful¬ 

filled. Two categories of MDS-RS are rec¬ 

ognized. In MDS with ring sideroblasts 

and single lineage dysplasia (MDS-RS- 

SLD), patients present with anaemia, and 

dysplasia is limited to the erythroid line¬ 

age. In MDS with ring sideroblasts and 

multilineage dysplasia (MDS-RS-MLD), 

patients present with any number of cy¬ 

topenias, and significant dysplasia is 

present in two or three haematopoietic 

lineages. 

ICD-0 codes 
Myelodysplastic syndrome with ring 

sideroblasts and single lineage 

dysplasia 9982/3 

Myelodysplastic syndrome with 

ring sideroblasts and 

multilineage dysplasia 9993/3 

Synonyms 
Refractory anaemia with ring sidero¬ 

blasts; refractory cytopenia with multilin¬ 

eage dysplasia and ring sideroblasts 

Epidemiology 
MDS-RS-SLD accounts for 3-11% of all 

MDS cases. It occurs primarily in older 

individuals, with a median patient age of 

60-73 years, and has a similar frequency 

in males and females {448,1341,2467}. 

MDS-RS-MLD appears to be more com¬ 

mon, accounting for about 13% of MDS 

cases, and has an age distribution similar 

to that of MDS-RS-SLD {1341}. 

Etiology 
Ring sideroblasts are erythroid precur¬ 

sors with abnormal accumulation of iron 

within mitochondria, including some iron 

deposited as mitochondrial ferritin {591, 

1425}. Stem cells from patients with 

MDS-RS display poor erythroid colony 

formation in vitro and manifest abnormal 

iron deposition at a very early stage of 

erythroid development {761,3936}, as 

well as deregulated expression of genes 

encoding mitochondrial and iron me¬ 

tabolism {930,1344}. MDS-RS is closely 

associated with heterozygous mutations 

in SF3B1, which encodes a core compo¬ 

nent of the LI2 snRNP spliceosome that 

is critical for RNA splicing; less often, 

other genes that control RNA splicing are 

mutated in MDS-RS {3049,4433}. Recent 

data suggest that haploinsufficiency of 

SF3B1 is associated with a globally al¬ 

tered and distinct gene expression pro¬ 

file {1344}. The effects include altered 

splicing of the mitochondrial iron trans¬ 

porter gene ABCB7 and other mitochon¬ 

drial metabolism genes, which may lead 

to the ineffective erythropoiesis and ring 

sideroblasts that characterize MDS-RS 

{1019,2881,4201}. However, data have 

been conflicting as to the association of 

SF3B1 haploinsufficiency with an MDS- 

RS disease phenotype in mouse models 

{4201,4203,4239). 

Localization 
The peripheral blood and bone marrow 

are the principal sites of involvement. The 

liver and spleen may show evidence of 

iron overload. 

Clinical features 
The presenting symptoms are usually re¬ 

lated to anaemia; a minority of patients 

with MDS-RS-SLD may additionally have 

thrombocytopenia or neutropenia, where¬ 

as bicytopenia occurs in a higher propor¬ 

tion of patients with MDS-RS-MLD {1341}. 

There may be symptoms related to pro¬ 

gressive iron overload. Most patients with 

MDS-RS-SLD (64% and 34%, respec¬ 

tively) fall into the low or very low Revised 

International Prognostic Scoring System 

(IPSS-R) risk groups, whereas patients 

with MDS-RS-MLD more frequently have 

a higher IPSS-R risk score {3104}. 

Microscopy 
Patients typically present with normo¬ 

chromic macrocytic or normochromic 

normocytic anaemia. The red blood cells 

in the peripheral blood smear may show 

a dimorphic pattern, with a major popula¬ 

tion of normochromic red blood cells and 

a minor population of hypochromic cells. 

Blasts in the peripheral blood are absent 

or very rare (accounting for <1% of the 

leukocytes). 

In MDS-RS-SLD, the bone marrow aspi¬ 

rate smear shows an increase in erythroid 

precursors with erythroid lineage dyspla¬ 

sia, including nuclear segmentation and 

megaloblastoid features. Granulocytes 

and megakaryocytes show no significant 

dysplasia (<10% dysplastic forms). Hae- 

mosiderin-laden macrophages are often 

abundant. Myeloblasts constitute <5% of 

the nucleated bone marrow cells. On iron- 
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Fig. 6.16 Myelodysplastic syndrome with ring siderobiasts and singie iineage dyspiasia. A Blood smear with dimorphic red blood cells and macrocytes. B Bone marrow aspirate 

smear showing marked erythroid proliferation, with a dysplastic binucleated form. C Iron stain of bone marrow aspirate showing numerous ring siderobiasts. 

stained aspirate smears, >15% (or >5% if 

SF3B1 mutation has been documented) 

of the red blood cell precursors are ring 

siderobiasts, as defined by >5 iron gran¬ 

ules encircling one third or more of the 

nucleus (2778). The bone marrow biopsy 

specimen is normocellular to markedly hy- 

percellular, usually with marked erythroid 

proliferation. Megakaryocytes are normal 

in number and morphology, in MDS-RS- 

MLD, in addition to ring siderobiasts and 

erythroid lineage dysplasia, there is signif¬ 

icant dysplasia (>10% dysplastic forms) in 

one or two non-erythroid lineages. Aside 

from the presence of ring siderobiasts, the 

morphological features of MDS-RS-MLD 

are generally similar to those of MDS with 

muitilineage dysplasia. 

Ring siderobiasts are often observed 

in other types of MDS and can also be 

seen in other myeloid neoplasms, in¬ 

cluding acute myeloid leukaemia {1333, 

1891). For example, cases of MDS with 

ring siderobiasts that have excess blasts 

in the peripheral blood or bone marrow 

are classified as MDS with excess blasts, 

and cases that fulfil the criteria for MDS 

with isolated del(5q) should be classified 

as such, even if ring siderobiasts and/or 

SF3B1 mutation are present. 

Non-neoplastic causes of ring sidero¬ 

biasts, including alcohol, toxins (e.g. lead 

and benzene), drugs (e.g. isoniazid), cop¬ 

per deficiency (which may be induced 

by zinc administration), and congenital 

sideroblastic anaemia must be excluded 

(55). Unlike in MDS-RS, patients with 

congenital sideroblastic anaemia tend to 

present at a much younger age and with 

microcytic (rather than macrocytic) anae¬ 

mia {2940}, 

Immunophenotype 
In MDS-RS, aberrant immunophenotypic 

features of erythropoietic precursors may 

be found by flow cytometry analysis {944). 

Cell of origin 
A haematopoietic stem cell 

Genetic profile 
Mutation in the spliceosome gene SF3B1 is 

frequent in MDS-RS, being present in 80- 

90% of MDS-RS-SLD cases and 30-70% 

of MDS-RS-MLD cases {593,2464,3104). 

Mutations in other splicing factor genes 

(e.g. SRSF2, U2AF1 and ZRSR2) are pres¬ 

ent in <10% of MDS-RS cases and are 

mutually exclusive with the SF3B1 muta¬ 

tion {2464,4433). Additional mutations in 

TET2 and DNMT3A, genes affecting DNA 

methylation, are associated with SF3B1 
mutation and are more frequent in MDS- 

RS-MLD than in MDS-RS-SLD {2464). in 

cases with multiple mutations, SF3B1 mu¬ 

tation tends to be present at the highest 

allele burden and is stable during disease 

progression, suggesting that it is an early 

event in the disease pathogenesis {593, 

1513,2337,4354). 

A diagnosis of MDS-RS can be made if 

ring siderobiasts constitute >5% of eryth¬ 

roid cells provided an SF3B1 mutation is 

present. Cases of MDS-RS with <15% 

ring siderobiasts tend to have a lower 

SF3B1 mutant allele burden than do cas¬ 

es with >15% ring siderobiasts, but they 

appear to have a similar prognosis {2466, 

3099). 

Clonal chromosomal abnormalities are 

seen in 5-20% of cases of MDS-RS- 

SLD; when present, they typically involve 

a single chromosome {448,1333,1335}. 

Cytogenetic abnormalities are seen in 

about half of MDS-RS-MLD cases and 

more often include high-risk abnorm¬ 

alities such as loss of chromosome 7 

{1341,2467,2940). 

Prognosis and predictive factors 
Approximately 1-2% of cases of MDS- 

RS-SLD evolve to acute myeloid leukae¬ 

mia. The reported median overall survival 

is 69 to 108 months {943,1335). Overall 

survival is 28 months in MDS-RS-MLD 

(similar to that in MDS with multilineage 

dysplasia), and approximately 8% of cas- 

Fig. 6.17 Myelodysplastic syndrome with ring siderobiasts (MDS-RS). Survival curves based on long-term follow-up 
of 167 patients with MDS-RS with single lineage dysplasia and >15% ring siderobiasts (formerly called refractory 

anaemia with ring siderobiasts, RARS) and 318 patients with MDS-RS with multilineage dysplasia (formerly called 
refractory cytopenia with multilineage dysplasia, RCMD) with >15% ring siderobiasts (RS), showing inferior survival 

of patients with MDS-RS with multilineage dysplasia (P - 0,00005); data from the Dusseldorf MDS registry. 
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es progress to acute myeloid leukaemia 

(448,1335,1341). In MDS-RS, adverse 

prognostic features include poor-risk 

karyotype, the presence of multilineage 

dysplasia (MDS-RS-MLD), thrombocy¬ 

topenia and absence of SF3B1 muta¬ 

tion; however, data are conflicting as to 

whether the influence of SF3B1 mutation 

on prognosis is independent of multiline¬ 

age dysplasia (845,2464,3103). Among 

SF3S1-mutant MDS-RS cases, RUNX1 
mutation appears to be associated with 

shorter survival (2464). 

Myelodysplastic syndrome with 
multilineage dysplasia 

Brunning R.D. 

Bennett J.M. 

Matutes E. 

Orazi A. 

Cazzola M. 

Vardiman J.W. 

Thiele J. 

Hasserjian R.R 

Definition 
Myelodysplastic syndrome (MDS) with 

multilineage dysplasia (MDS-MLD), 

called refractory cytopenia with multiline¬ 

age dysplasia in the 2008 edition of this 

classification, is an MDS characterized 

by one or more cytopenias and dysplas- 

tic changes in two or more of the myeloid 

lineages (erythroid, granulocytic, and 

megakaryocytic) (3404). 

ICD-0 code 9985/3 

The thresholds for dysplasia are >10% in 

each of the affected cell lineages. For as¬ 

sessing dysplasia, it is recommended that 

200 erythroid precursors and 200 neutro¬ 

phils and precursors be evaluated in bone 

marrow smear and/or trephine biopsy 

imprint preparations. Neutrophil dyspla¬ 

sia may also be evaluated in peripheral 

blood smears. At least 30 megakaryo¬ 

cytes should be evaluated for dysplasia 

in bone marrow smears, imprint prepara¬ 

tions or sections. In particular, the pres¬ 

ence of micromegakaryocytes should 

be noted, because this is considered by 

most experts to be the most significant 

feature of megakaryocytic dysplasia. 

Some experts have found thresholds for 

megakaryocytic dysplasia of 30-40% to 

be more reliable for distinguishing normal 

marrow from dysplastic marrow (1338, 

2567,4179). In some cases, dysplastic 

megakaryocytes may be more readily 

identified in sections than on smears, in 

particular with immunohistochemistry us¬ 

ing antibodies such as anti-CD61. 

The presence of 1% blasts in the peri¬ 

pheral blood excludes a diagnosis of 

MDS-MLD; cases that otherwise fulfil the 

criteria for MDS-MLD but have 1% blasts 

in the blood on two separate occasions 

should be diagnosed as MDS, unclas- 

sifiable, because of the more aggres¬ 

sive course associated with this finding. 

Cases with multilineage dysplasia, 2-4% 

blasts in the peripheral blood, and no 

Auer rods should be classified as MDS 

with excess blasts 1, even with <5% bone 

marrow blasts. Cases that otherwise 

have the features of MDS-MLD and have 

5-19% blasts in the peripheral blood and/ 

or Auer rods should be classified as MDS 

with excess blasts 2, even with <5% bone 

marrow blasts. Cases with multilineage 

dysplasia and >15% ring sideroblasts (or 

>5% ring sideroblasts and SF3B1 muta¬ 

tion) should be classified as MDS with 

ring sideroblasts and multilineage dyspla¬ 

sia (MDS-RS-MLD). Cases with multiline¬ 

age dysplasia and >5% but < 15% ring si¬ 

deroblasts with unknown SF3B1 mutation 

status should be classified as MDS-MLD. 

Epidemiology 
MDS-MLD occurs in older individuals; 

the median patient age is 67-70 years. 

There is a higher incidence in males. The 

peak incidence in males is 70-74 years 

and in females is 75-79 years (1338, 

1341,2423,2467). MDS-MLD accounts 

for about 30% of all cases of MDS and 

48% of cases of MDS without excess 

blasts. Combined, MDS-MLD and MDS- 

RS-MLD account for approximately 65% 

of all cases of MDS without excess blasts 

(2423). 

Etiology 
The etiology of de novo MDS-MLD is un¬ 

known. Exposure to toxic environmental 

factors probably increases risk. Given that 

the vast majority of cases occur in older 

individuals, haematopoietic stem cell mu¬ 

tations (which occur with ageing) may un¬ 

derlie the age-associated risk (1326,1830). 

Synonym 
Refractory cytopenia with multilineage 

dysplasia 

The blast percentage is <1% in the pe¬ 

ripheral blood and <5% in the bone 

marrow. Auer rods are absent, and the 

monocyte count in the peripheral blood 

is < 1 X 109/L. The recommended val¬ 

ues for defining cytopenias are those 

suggested in the International Prognos¬ 

tic Scoring System (IPSS): haemoglobin 

concentration <10 g/dL, platelet count 

<100x10®/L and absolute neutrophil 

count < 1.8 X 109/L j1442,1442A). Eth¬ 

nicity and sex should be taken into con¬ 

sideration when assessing cytopenias. 

Milder cytopenias in excess of these 

thresholds do not exclude a diagnosis of 

MDS if definitive morphological and/or 

cytogenetic findings are consistent with 

the diagnosis. 

Fig. 6.18 Myelodysplastic syndrome with multilineage dysplasia and complex cytogenetic abnormalities. Bone mar¬ 

row section from a 37-year-old man with pancytopenia showing markedly increased megakaryocytes, many with 

dysplastic features. 
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Fig. 6.19 Myelodysplastic syndrome with multilineage dysplasia. Bone marrow smear shows evidence of dysplasia in 

both the erythroid precursors and the neutrophils; the mature neutrophils are small and have hyposegmented nuclei. 

Localization 
The blood and bone marrow are involved. 

Clinical features 
Patients usually present with evidence 

of bone marrow failure. In most patients, 

there is unicytopenia or bicytopenia. 

Some patients present with pancytopenia 

or milder cytopenias above the threshold 

levels in the IPSS (2423). 

Microscopy 
The erythrocytes frequently show an- 

isopoikilocytosis with macrocytosis. The 

major dysplastic changes in neutrophils 

are nuclear clumping and hyposegmen- 

tation or lack of lobation (pseudo-Pel- 

ger-Huet anomaly) and cytoplasmic 

hypogranularity or agranularity. Infre¬ 

quently, abnormal granular clumping 

resembling the findings in Chediak-Hi- 

gashi syndrome is present. Blasts are not 

usually identified in the peripheral blood; 

however, the presence of < 1% peripheral 

blood blasts with <5% blasts in the bone 

marrow does not alter the classification, 

because the prognosis for cases with 

rare (<1%) circulating blasts is essentially 

the same as that for cases without this 

finding {2423}. 

The bone marrow is usually normocellular 

or hypercellular, but is hypocellular in a 

small subset of cases {2423). The eryth¬ 

roid precursors are usually increased in 

number; uncommonly there is erythroid 

hypoplasia. Erythroid precursors may 

show cytoplasmic vacuoles and marked 

nuclear irregularity, including internu- 

clear chromatin bridging, multilobation, 

nuclear budding, multinucleation and 

megaloblastoid nuclei. The latter are bet¬ 

ter evaluated in the polychromatic and 

orthochromatic erythroblasts, due to the 

fine nuclear chromatin pattern normally 

present in proerythroblasts and early 

basophilic erythroblasts. The cytoplas¬ 

mic vacuoles are usually poorly defined 

and dissimilar to the sharply demarcated 

vacuoles observed in copper deficiency 

or alcoholism. The vacuoles may give a 

positive periodic acid-Schiff (PAS) reac¬ 

tion; there may also be diffuse cytoplas¬ 

mic PAS positivity. Variable numbers of 

ring siderobiasts may be identified, but 

they must account for < 15% of the eryth¬ 

roblasts. If >15% ring siderobiasts or 

>5% ring siderobiasts and SF3B1 muta¬ 

tion are present, the case should be clas¬ 

sified as MDS-RS-MLD. The percent¬ 

age of neutrophils and precursors in the 

bone marrow varies; a relative increase in 

granulocytes is present in approximately 

25% of cases {2423}. There may be a left 

shift in maturation. Neutrophil dysplasia 

is characterized principally by nuclear 

cytoplasmic asynchrony, hypogranula- 

tion, and/or nuclear hyposegmentation 

with marked clumping of the nuclear 

chromatin (pseudo-Pelger-Huet nuclei). 

Nuclear hyposegmentation may occur as 

two clumped nuclear lobes connected 

by a thin chromatin strand (pince-nez 

type) or non-lobated nuclei with markedly 

clumped chromatin. Myeloblasts account 

for <5% of the bone marrow cells. Meg¬ 

akaryocyte abnormalities that may be 

observed include non-lobated or hypolo- 

bated nuclei, binucleation or multinuclea¬ 

tion, and micromegakaryocytes. A micro¬ 

megakaryocyte is a megakaryocyte that 

is approximately the size of a promye¬ 

locyte or smaller, with a non-lobated or 

bi-lobated nucleus; this morphological 

finding is considered by most experts 

to be the most reliable and reproducible 

dysplastic feature in the megakaryocyte 

series {1341,2567,4179}. In some cases, 

bone marrow sections may be more re¬ 

liable than smears for evaluating mega¬ 

karyocyte dysplasia, in particular with , 

the addition of immunohistochemical 

reactions with appropriate antibodies 

such as CD61 and CD41. PAS staining 

may also be helpful. Several studies have 

documented the various morphological 

abnormalities that constitute evidence of 

dysplasia {947,1341,2567,4179}. 

In a study of marrow fibrosis in patients 

with MDS, 16% of cases classified as ; 

MDS-MLD had a significant degree of 

marrow fibrosis {491}. In general, marrow :■ 
fibrosis in MDS correlated with multiline¬ 

age dysplasia, more severe thrombo- i 

cytopenia, higher probability of clonal , 

karyotype, higher percentage of blasts in , 

the peripheral blood and shorter survival 

than for patients without fibrosis {491}, 

Immunophenotype 
Flow cytometry usually reveals immu- 

nophenotypic abnormalities in various 

cell populations, including aberrations j 

in the immature progenitor compart¬ 

ment and abnormal maturation in granu¬ 

lopoiesis, the monocytic compartment 

and erythropoiesis {3221,3223,4119}. 

Immunophenotypio abnormalities in the 

progenitor compartment are reported to 

be of prognostic significance and can 

be used to guide therapy and for follow¬ 

up {64,4304}. CD34-I- cells are typically 

<5%, but the blast percentage determi¬ 

nation for classification purposes should 

be based on a microscopic differential 

of the aspirate smear, not on the flow 

cytometry blast percentage. Details con¬ 

cerning the overall use of flow cytometry 

analysis in MDS are given in the Over¬ 
view section (p. 98). 

Cell of origin 
A haematopoietic stem cell 

Genetic profile 
Clonal cytogenetic abnormalities, inclu¬ 

ding trisomy 8, monosomy 7, del(7q). 
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monosomy 5, del(5q) and del(20q), as 

well as complex karyotypes, are found in 

as many as 50% of patients with MDS- 

MLD {2423). Whole-genome sequenc¬ 

ing has shown that more than half of all 

cases of MDS-MLD carry mutations in 

genes that are also mutated in MDS with 

excess blasts and acute myeloid leukae¬ 

mia. These include genes from the cohe¬ 

sion family {STAG2), chromatin modifiers 

(ASXL1), spliceosome genes {SRSF2), 
transcription factors {RUNX1), signalling 

molecules (CS/_), tumour suppressors 

{TP53) and DNA modifiers {TET2) {1513, 

3050,4392). Mutations in SF3B1 are 

present in a minority (1-5%) of patients 

with 0-1% ring sideroblasts and as high 

as 15% of cases with 3-9% ring sidero¬ 

blasts {2464); cases with >5% ring side¬ 

roblasts should be classified as MDS- 

RS-MLD if SF3B1 mutation is present. 

Prognosis and predictive factors 
The clinical course varies {948,2423, 

2462,2467). Prognostic factors relate 

to the karyotype and the degree of cy- 

topenia and dysplasia. In a very large 

study, approximately 40% of patients 

with MDS-MLD or MDS-RS-MLD had 

low IPSS risk scores, and approximately 

50% had an intermediate 1 risk score 

{2423). Approximately 50% had a low 

WHO Classification-based Prognostic 

Scoring System (WPSS) risk score, 20% 

had an intermediate risk score, and 20% 

had a high risk score; no patients had a 

very low risk score. Approximately 75% 

were in the good karyotype risk group, 

17% were in the poor risk group, and 8% 

were in the intermediate risk group {948, 

2423,2462).Although gene mutations 

may have a prognostic impact on over¬ 

all survival and progression-free survival 

for MDS in general, there is no definitive 

evidence that mutations influence the 

prognosis within the MDS-MLD group 

specifically {4392). 

In a database of 1010 patients with MDS- 

MLD, the frequency of acute leukae¬ 

mia evolution was approximately 15% 

at 2 years and 28% at 5 years and the 

median overall survival was 36 months 

(data from the Dusseldorf MDS registry, 

September 2015). Patients with com¬ 

plex karyotypes have survivals similar to 

those of patients with MDS with excess 

blasts {2423). 

Myelodysplastic syndrome with 
excess blasts 

Orazi A. 

Brunning R.D. 

Hasserjian R.P. 

Germing U. 

Thiele J. 

Definition 
Myelodysplastic syndrome (MDS) with ex¬ 

cess blasts (MDS-EB) is an MDS charac¬ 

terized by 5-19% myeloblasts in the bone 

marrow or 2-19% blasts in the peripheral 

blood (but <20% blasts in both bone mar¬ 

row and blood). Two subcategories, with 

differences in survival and incidence of 

evolution to acute myeloid leukaemia 

(AML), have been defined. MDS with 

excess blasts 1 (MDS-EB-1) is defined 

by 5-9% blasts in the bone marrow or 

2-4% blasts in the peripheral blood (but 

<10% blasts in the bone marrow and <5% 

blasts in the blood), and MDS with excess 

blasts 2 (MDS-EB-2) is defined by 10-19% 

blasts in the bone marrow or 5-19% blasts 

in the peripheral blood {1442). The pres¬ 

ence of Auer rods in blasts designates any 

MDS case as MDS-EB-2 irrespective of 

the blast percentage {1340). 

ICD-0 code 9983/3 

Synonym 
Refractory anaemia with excess blasts 

Epidemiology 
This disease affects primarily individuals 

aged >50 years. It accounts for approxi¬ 

mately 40% of all cases of MDS. 

Etiology 
The etiology is unknown. Exposure to en¬ 

vironmental toxins, including pesticides, 

petroleum derivatives, and some heavy 

metals, increases risk, as does cigarette 

smoking {3816). 

Localization 
The blood and bone marrow are affected. 

Clinical features 
Most patients initially present with clinical 

features related to cytopenias, includ¬ 

ing anaemia, thrombocytopenia, and 

neutropenia. 

Microscopy 
Peripheral blood smears frequently show 

abnormalities in all three myeloid cell 

lines, including anisopoikilocytosis and 

macrocytosis; large, giant or hypogranu- 

lar platelets; and abnormal cytoplasmic 

granularity and nuclear segmentation 

of the neutrophils. Pseudo-Pelger-Huet 

nuclei and hypogranulated forms are 

usually detected. Blasts are commonly 

present. 

The bone marrow is usually hypercel- 

lular. The degree of dysplasia varies. 

Erythropoiesis may be increased, with 

megaloblastoid changes. The erythroid 

precursors may show dyserythropoiesis, 

including the presence of abnormally 

lobated nuclei and internuclear bridging. 

Granulopoiesis is variable in quantity and 

usually shows dysplasia, which is char¬ 

acterized primarily by neutrophils with 

nuclear hyposegmentation (pseudo- 

Pelger-Huet nuclei) or hypersegmented 

nuclei, cytoplasmic hypogranularity, and/ 

or pseudo-Chediak-Higashi granules. 

Megakaryopoiesis is variable in quan¬ 

tity but is frequently normal to increased. 

Dysmegakaryopoiesis is almost invari¬ 

ably present and is usually characterized 

by abnormal forms that are predominant¬ 

ly small, including micromegakaryocytes 

{3987). However, megakaryocytes of all 

sizes, as well as forms with multiple wide¬ 

ly separated nuclei, can also occur. The 

megakaryocytes may show a tendency to 

Fig. 6.20 Myelodysplastic syndrome with excess blasts 1. 

On the bone marrow aspirate smear, the mature neutro¬ 

phils in this case show nuclear hyposegmentation (pseu- 

do-Pelger-Huet nuclei) and cytoplasmic hypogranularity. 
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cluster. The bone marrow biopsy speci¬ 

men shows alteration of the normal his- 

totopography. Both erythroid precursors 

and megakaryocytes are frequently dislo¬ 

cated towards the paratrabecular areas, 

which are normally predominantly occu¬ 

pied by granulopoietic cells. The blasts in 

MDS-EB often tend to form cell clusters 

or aggregates, which are usually located 

away from bone trabeculae and vascular 

structures, a histological finding referred 

to as abnormal localization of immature 

precursors. Immunohistochemical stain¬ 

ing for CD34 may be particularly help¬ 

ful in the identification of this finding. In 

many cases of MDS-EB, aberrant CD34 

expression may also be seen in megakar¬ 

yocytes. Small CD34-I- megakaryocytes 

should not be counted as blasts. 

In a minority of cases the bone marrow is 

normocellular or hypocellular. In hypocel- 

lular cases, the bone marrow biopsy can 

be very useful in documenting the pres¬ 

ence of an excess of blasts, in particular 

in cases with suboptimai aspirate smears 

such as those often associated with hy¬ 

pocellular and/or fibrotic marrow. 

Myelodysplastic syndrome with excess 
blasts and erythroid predominance 
In the 2008 WHO classification, the cat¬ 

egory of erythroid/myeloid-type acute 

erythroid leukaemia (erythroieukaemia) 

encompassed cases of myeloid neo¬ 

plasms in which maturing erythroblasts 

accounted for >50% of marrow cells and 

myeloblasts accounted for >20% of non- 

erythroid nucleated marrow cells. Such 

cases are now classified according to 

the blast percentage of all marrow cells, 

irrespective of the marrow erythroid per¬ 

centage, and most (those with 5-19% 

blood or bone marrow blasts) are now 

categorized as MDS-EB. The signifi¬ 

cance of the erythroid predominance in 

such cases is uncertain, and the bone 

marrow erythroid percentage may fluctu¬ 

ate with exogenous factors such as met¬ 

abolic deficiencies and therapy (4246). 

High-risk karyotype and the presence 

of TP53, RUNX1, or ASXL1 mutations 

are associated with poor prognosis in 

MDS-EB with erythroid predominance 

{1475,1592}. NPM1 mutations, which are 

relatively uncommon in this group {4506}, 

may define a subset with a relatively fa¬ 

vourable prognosis when treated with in¬ 

tensive chemotherapy {1475}. 

Myelodysplastic syndrome with 
excess blasts and fibrosis 
In about 15% of cases of MDS, the bone 

marrow shows a significant degree of 

reticulin fibrosis (grade 2 or 3 according 

to the WHO grading system). Such cas¬ 

es have been termed MDS with fibrosis 

(MDS-F) {2201,2538}, and most belong 

to the MDS-EB category (MDS-EB-F). 

The presence of fibrosis is an independ¬ 

ent prognostic parameter in MDS {942, 

1261}. Marrow fibrosis can also be seen 

in cases of therapy-related myeloid neo¬ 

plasms, myeloproliferative neoplasms, 

lymphoid neoplasms and various reac¬ 

tive conditions, including infections and 

autoimmune disorders {4182}. These 

conditions must be ruled out. Bone mar¬ 

row smears are often inadequate. The 

presence of excess of blasts in cases of 

MDS-EB-F can usually be confirmed by 

immunohistochemistry, in particular for 

CD34. A characteristic finding in MDS-F 

is an increased number of megakaryo¬ 

cytes with a high degree of dysplasia, 

including small forms and micromega¬ 

karyocytes {2201}. MDS-EB-F may over¬ 

lap morphologically with acute panmy¬ 

elosis with myelofibrosis; however, acute 

panmyelosis with myelofibrosis is distin¬ 

guished by its abrupt onset with fever 

and bone pain, as well as by its higher 

blast count {2991,3986}. 

Immunophenotype 
In MDS-EB, flow cytometry often shows 

increased numbers of cells positive for 

the precursor cell-associated antigens 

CD34 and/or KIT (GD117). These cells are 

usually positive for CD38, HLA-DR and 

the myeloid-associated antigens CD13 

and/or CD33. Asynchronous expression 

of the granulocytic maturation antigens 

CD15, CDIIb and/or CD65 can be seen 

in the blast population. Aberrant expres¬ 

sion of CD7 on blast cells is seen in 20% 

of cases, and CD56 is present in 10% 

of cases; expression of other lymphoid 

markers is rare {2936,3724}, Expression 

of CD7 has been reported to correlate 

with worse prognosis {2936}. 

In tissue sections, CD34 immunohisto¬ 

chemistry can be used to confirm the 

presence of an increased number of 

blasts; it highlights their arrangement into 

clusters or aggregates, a characteristic 

finding seen in most cases of MDS-EB 

{942,2201,3724}. Antibodies such as 

CD61 and CD42b can facilitate the iden¬ 

tification of micromegakaryocytes and 

other small dysplastic megakaryocytes, 

which are often particularly numerous in 

MDS-EB-F {2201,3987}. 

Cell of origin 
A haematopoietic stem cell 

Genetic profile 
A variable percentage (30-50%) of cas¬ 

es of MDS-EB have clonal cytogenetic 

abnormalities, including gain of chromo¬ 

some 8, loss of chromosome 5, del(5q), 

loss of chromosome 7, del(7q), and 

dei(20q). Complex karyotypes may also 

be observed {1341}. 

Mutations affecting mRNA splicing 

genes are common in MDS-EB, SRSF2 
mutations are present in both the MDS- 

EB-1 and MDS-EB-2 subtypes. Splicing 

mutations are mutually exclusive and less 

likely to occur in patients with complex 

cytogenetics or TP53 mutations {209, 

864}. Other mutations relatively com¬ 

mon in MDS-EB include mutations in 

IDH1 and IDH2 {3098), ASXL1 and CBL 
{3380}, as well as mutations in RUNX1, 
cohesin complex family genes and RAS 

pathway genes {2465}. 

Excess blasts appear to define a distinct 

disease phenotype that is independent 

of mutation status, underscoring the im¬ 

portance of blast count for risk-stratifying 

MDS, irrespective of the mutation profile 

{2465}. Both FLT3 and NPM1 mutations 

are found primarily in AML and occur 

very rarely in MDS-EB {880,3380}; when 

present, these mutations are associat¬ 

ed with more rapid progression to AML 

{234}, Therefore, an alternative diagnosis 

of AML must be excluded in such cases 

by careful verification of the bone marrow 

and blood blast counts and olose clinical 
follow-up. 

Prognosis and predictive factors 
MDS-EB is usually characterized by pro¬ 

gressive bone marrow failure, with increas¬ 

ing cytopenias. Approximately 25% of 

cases of MDS-EB-1 and 33% of cases of 

MDS-EB-2 progress to AML; the remain¬ 

der of patients succumb to the sequelae of 

bone marrow failure. The median survival 

times are approximately 16 months for 

MDS-EB-1 and 9 months for MDS-EB-2 

{1341,3818}. Patients with MDS-EB-2 with 

5-19% blasts in the peripheral blood have 

a median survival of 3-8 months {89}, 

whereas patients with MDS-EB-2 based 

only on the presence of Auer rods have a 

median survival of about 12 months {4328). 
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Myelodysplastic syndrome with 
isolated del(5q) 

Hasserjian R.P. 

Le Beau M.M. 

List A.F. 

Bennett J.M. 

Brunning R.D. 

Thiele J, 

Definition 
Myelodysplastic syndrome (MDS) with 

isolated del(5q) is an MDS character¬ 

ized by anaemia (with or without other 

cytopenias and/or thrombocytosis) and 

in which the cytogenetic abnormality 

del(5q) occurs either in isolation or with 

one other cytogenetic abnormality, other 

than monosomy 7 or del(7q), Myeloblasts 

constitute <5% of the nucleated bone 

marrow cells and <1% of the peripheral 

blood leukocytes, Auer rods are absent. 

ICD-0 code 9986/3 

Synonyms 
Myelodysplastic syndrome with 5q dele¬ 

tion; 5q minus syndrome 

Epidemiology 
MDS with isolated del(5q) occurs more 

often in women, with a median age of 

67 years. 

Etiology 
The presumed etiology is loss of a tu¬ 

mour suppressor gene or genes in the 

minimally deleted region (5q33.1) (433, 

2370), Haploinsufficiency of RPS14, 
which encodes a ribosomal structural 

protein, appears to contribute to the dis¬ 

ease phenotype, possibly through p53 

pathway activation {261,1078A,3574A). 

Haploinsufficiency of miR-145 and miR- 

146a in the deleted region may contrib¬ 

ute to the megakaryocyte abnormalities 

and thrombocytosis (3767). Haploinsuf¬ 

ficiency of CSNK1A1 (encoding casein 

kinase 1A1) leading to WNT/beta-catenin 

pathway deregulation has been impli¬ 

cated in proliferation of the del(5q) clone 

{3 574}. Haploinsufficiency of additional 

genes on 5q, such as ARC (another 

WNT pathway regulator) and EGR1, may 

also contribute to disease pathogenesis 

(1885), 

Localization 
The blood and bone marrow are affected. 

Clinical features 
The most common symptoms are related 

to anaemia, which is often severe and 

usually macrocytic. Thrombocytosis is 

present in one third to one half of cases, 

whereas thrombocytopenia is uncommon 

{1358,2561}. Pancytopenia is rare {2423}; 

it is recommended that cases otherwise 

fulfilling the criteria for MDS with isolated 

del(5q), but with pancytopenia (haemo¬ 

globin concentration <10g/dL, abso¬ 

lute neutrophil count <1.8x10®/L and 

platelet count < 100 x 10®/L) be catego¬ 

rized as MDS, unclassifiable, because 

their clinical behaviour is uncertain. 

Microscopy 
The bone marrow is usually hypercellular 

or normocellular and frequently exhibits 

erythroid hypoplasia {4263}. Megakaryo¬ 

cytes are increased in number and are 

normal to slightly decreased in size, with 

conspicuously non-lobated and hypolo- 

bated nuclei. In contrast, dysplasia in 

the erythroid lineage is less pronounced 

{434,1358}, Significant granulocytic dys¬ 

plasia is uncommon. The blast percent¬ 

age is <5% in the bone marrow and < 1% 

in the peripheral blood. Ring sideroblasts 

may be present and do not exclude the 

diagnosis of MDS with isolated del(5q), 

provided the other criteria are fulfilled. 

Cell of origin 
The cell of origin is a haematopoietic 

stem cell. FISH analysis has demonstrat¬ 

ed the presence of the del(5q) abnormal¬ 

ity in differentiating erythroid, myeloid 

and megakaryocytic cells, but generally 

not in mature lymphoid cells {96,376}, 

The del(5q) abnormality is the dominant 

clone in most cases and is present in 

the stem cell compartment, consistent 

with an early or initiating event in disease 

pathogenesis {4354}. 

Genetic profile 
The defining cytogenetic abnormality in¬ 

volves an interstitial deletion of chromo¬ 

some 5; the size of the deletion and the 

breakpoints vary, but bands q31-q33 are 

invariably deleted. Cases with one addi¬ 

tional cytogenetic abnormality, with the 

exception of monosomy 7 or del(7q), have 

similar outcome as cases in which del(5q) 

is the sole abnormality, and are included 

in this category {1337,2473,3551}, 

A small subset of patients with isolated 

del(5q) show concomitant JAK2 V617F 

or MPL W515L mutation, which does not 

appear to alter the disease phenotype or 

prognosis {1759,3101}; in some of these 

cases, the JAK2 mutation and dei(5q) 

have been found in different clones 

{3717}. A subset of cases have SF3B1 
mutation {2464,2466}. 

Fig. 6.21 Myelodysplastic syndrome with isolated del(5q). A Bone marrow section showing numerous megakaryocytes of various sizes, several with non-lobated nuclei. B Bone 

marrow aspirate smear showing two megakaryocytes with non-lobated, rounded nuclei. 
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Prognosis and predictive factors 
This disease is associated with a median 

survival of 66-145 months, with transfor¬ 

mation to acute myeloid leukaemia oc¬ 

curring in <10% of cases {1358,2473, 

3101}. Cases with del(5q) associated 

with loss of chromosome 7, del(7q), two 

or more additional chromosomal abnor¬ 

malities, or excess blasts have an inferior 

survival and are excluded from this dia¬ 

gnosis. Significant granulocytic dyspla¬ 

sia has been associated with additional 

cytogenetic abnormalities and an inferior 

prognosis {671,1350}. 

The thalidomide analogue lenalidomide 

has been shown to benefit patients with 

MDS with isolated del(5q) or del(5q) with 

additional cytogenetic abnormalities, 

most likely by targeting casein kinase 1A1 

for ubiquitin-mediated degradation. It has 

been reported that transfusion independ¬ 

ence was achieved in two thirds of pa¬ 

tients and was closely linked to suppres¬ 

sion of the abnormal clone {1359,2361). 

TP53 mutation is present in a significant 

subset of cases, and is associated with 

increased risk of leukaemic transforma¬ 

tion, inferior response to lenalidomide, 

and shorter survival {1894,2129A,2474}. 

Therefore, in MDS with isolated del(5q), it 

is recommended that TP53 mutation sta¬ 

tus be determined by sequencing or p53 

immunohistochemistry to identify high- 

risk cases {3472}. 

Myelodysplastic syndrome, 
unclassifiable 

Orazi A. 

Brunning R.D. 

Baumann I. 

Hasserjian R.P. 

Germing U. 

Definition 
The category of myelodysplastic syn¬ 

drome (MDS), unclassifiable (MDS-U) 

encompasses the cases of MDS that ini¬ 

tially lack appropriate findings for classifi¬ 

cation into any other MDS category. 

ICD-0 code 9989/3 

Synonyms 
Myelodysplastic syndrome, NOS; pre¬ 

leukaemia (obsolete); preleukaemic syn¬ 

drome (obsolete) 

Epidemiology 
The exact incidence is unknown. In one 

study of 2032 patients, MDS-U account¬ 

ed for 6.3% of cases of MDS with a bone 

marrow blast count of <5% {2423}. A 

higher incidence of MDS-U has been re¬ 

ported among Japanese patients, in par¬ 

ticular those with single lineage dysplasia 

and pancytopenia {1746,2566}. 

Localization 
The peripheral blood and bone marrow 

are the principal sites of involvement. 

Clinical features 
Patients present with symptoms similar to 

those seen in the other MDS. 

Microscopy 
There are no specific morphological find¬ 

ings. The diagnosis of MDS-U can be 

made in any of the following settings: 

1. There are findings that would other¬ 

wise suggest classification as MDS with 

single lineage dysplasia, MDS with multi- 

lineage dysplasia, MDS with ring sidero- 

biasts and single lineage dysplasia, MDS 

with ring sideroblasts and multilineage 

dysplasia, or MDS with isolated del(5q), 

but with 1% blasts in the peripheral blood 

measured on at least two separate occa¬ 
sions {2052}. 

2. There are findings that would other¬ 

wise suggest classification as MDS with 

single lineage dysplasia, MDS with ring 

sideroblasts and single lineage dyspla¬ 

sia, or MDS with isolated del(5q) associ¬ 

ated with pancytopenia. In contrast, pan¬ 

cytopenia is allowed in both MDS with 

multilineage dysplasia and MDS with ring 

sideroblasts and multilineage dysplasia. 
3. There is persistent cytopenia with < 2% 

blasts in the blood and <5% in the bone 

marrow, no significant (< 10%) unequivo¬ 

cal dysplasia (Table 6.02, p. 102) in any 

myeloid lineage, and the presence of a 

cytogenetic abnormality considered pre¬ 

sumptive evidence of MDS (Table 6.03, 

p. 104) {3774}. Patients with MDS-U 

should be carefully followed for evidence 

of disease evolution to a more specific 

MDS type. 

Cell of origin 
A haematopoietic stem cell 

Genetic profile 
See Table 6.03 (p. 104). 

Prognosis and predictive factors 
If characteristics of a specific subtype of 

MDS develop later in the course of the 

disease, the case should be reclassified 

accordingly. 

In a recent study, cases otherwise meet¬ 

ing the criteria for MDS with single line¬ 

age dysplasia, but with 1% blasts in the 

peripheral blood or with pancytopenia, 

were shown to have a prognosis similar 

to that of MDS with multilineage dysplasia 

cases {2423}. In that study, patients with 

MDS-U and 1% peripheral blood blasts 

had a median survival of 35 months and 

a 14% 5-year cumulative risk of acute 

myeloid leukaemia progression, whereas 

patients with MDS-U and pancytopenia 

had a median survival of 30 months and 

an 18% 5-year cumulative risk of acute 

myeloid leukaemia progression {2423}. 

The prognosis for MDS-U defined by 

cytogenetic abnormalities is unknown. 

Childhood myelodysplastic 
syndrome 

Baumann I. 

Niemeyer C.M. 

Bennett J.M. 

Myelodysplastic syndrome (MDS) is very 

uncommon in children, accounting for 

<5% of all haematopoietic neoplasms in 

patients aged less than 14 years {1586, 

2873}. Some cases of MDS in children 

are secondary to cytotoxic therapy, in¬ 

herited bone marrow failure disorders, or 

acquired severe aplastic anaemia. Other 

cases are generally categorized as pri¬ 

mary MDS, but it is reasonable to assume 

that most of these are in fact secondary to 

a known or as-yet-unknown genetic pre¬ 

disposition (see Myeloid neoplasms with 
germline predisposition, p. 121). GATA2 
germline mutation is present in 7% of 

all primary MDS cases in children, but 

absent in children with secondary MDS 

{4342}. The pre-leukaemic and leukaemic 

phase of myeloid leukaemia associated 

with Down syndrome is a unique disease 

entity of early childhood characterized by 

acquired GATA1 mutations (see Myeloid 
proliferations associated with Down syn¬ 
drome, p.169), but little is known about 

the pathophysiology of MDS in older chil¬ 

dren with Down syndrome {3369}. Many 

of the morphological, immunophenotypic 

and genetic features observed in MDS in 
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adults are also seen in childhood forms 

of the disease, but there are some signifi¬ 

cant differences reported, particularly in 

patients who do not have increased blasts 

in their peripheral blood or bone marrow. 

For example, MDS with ring sideroblasts 

and MDS with isolated del(5q) are ex¬ 

ceedingly rare in children {2873}. Isolated 

anaemia, which is the major presenting 

manifestation of lower-grade MDS affect¬ 

ing adults, is uncommon in children, who 

are more likely to present with neutropenia 

and thrombocytopenia {1587,1940}. In ad¬ 

dition, hypocellularity of the bone marrow 

is more commonly observed in childhood 

MDS than in older patients. Therefore, 

some childhood cases do not readily fit 

into the typical lower-grade MDS cat¬ 

egories. To address these differences, 

a provisional entity, refractory cytopenia 

of childhood, is recognized and defined 

below. For childhood cases of MDS with 

2-19% blasts in the peripheral blood or 

5-19% blasts in the bone marrow, the 

same criteria should be applied as for 

adult cases of MDS with excess blasts. 

Unlike in adult MDS, there are no data in¬ 

dicating that a distinction between MDS 

with excess blasts 1 and MDS with excess 

blasts 2 is of prognostic relevance in chil¬ 

dren {2009,3808}. Children with MDS with 

excess blasts generally have relatively 

stable peripheral blood counts for weeks 

or months. Some cases diagnosed in 

children as acute myeloid leukaemia with 

20-29% blasts in the peripheral blood 

and/or bone marrow that have myelodys¬ 

plasia-related changes, including cases 

with myelodysplasia-related cytogenetic 

abnormalities (see Acute myeloid leukae¬ 
mia with myelodysplasia-related changes, 
p. 150) may also be slowly progressive 

disease. These cases, categorized by 

the French-American-British (FAB) clas¬ 

sification as refractory anaemia with ex¬ 

cess blasts in transformation, may lack 

the clinical features of acute leukaemia 

and may behave more like MDS than 

acute myeloid leukaemia {1587}; there¬ 

fore, follow-up peripheral blood and 

bone marrow studies are often necessary 

to determine the pace of the disease in 

such cases. Children who present with 

a peripheral blood and/or bone marrow 

disorder associated with one of the core¬ 

binding factor rearrangements - t(8;21) 

(q22;q22,1); RUNX1-RUNX1T1-, inv(16) 

(p13.1q22); CBFB-MYH11, or t(16;16) 

(p13.1;q22); CBFB-MYH11 - or with PML- 
RARA rearrangement should be consid¬ 

ered to have acute myeloid leukaemia 

regardless of the blast count. The muta¬ 

tional landscape differs between adult 

and paediatric MDS. In children, most 

of the somatic mutations identified alter 

genes of the RAS pathway, transcription 

factors and epigenetic modifiers {2096}. 

Refractory cytopenia of 
childhood 

Definition 
Refractory cytopenia of childhood (RCC) 

is a provisional MDS entity characterized 

by persistent cytopenia, with <5% blasts 

in the bone marrow and <2% blasts in 

the peripheral blood {1587}. Although 

the presence of dysplasia is required for 

the diagnosis, the cytological finding of 

dysplasia constitutes only one aspect of 

the morphological diagnosis of RCC. The 

evaluation of an adequate bone marrow 

trephine biopsy specimen is essential for 

diagnosis. About 80% of children with 

RCC show considerable hypocellularity 

of the bone marrow {2873}. Therefore, 

it may be very challenging to differenti¬ 

ate hypocellular RCC from other bone 

marrow failure disorders, in particular 

acquired aplastic anaemia and inherited 

bone marrow failure disorders, 

ICD-0 code 9985/3 

Epidemiology 
RCC is the most common subtype of 

MDS in childhood, accounting for about 

50% of all cases {3092,3246}. It is diag¬ 

nosed in all age groups and affects boys 

and girls with equal frequency {1940}. 

Etiology 
The etiology is unknown in most cases. In 

some cases, it is related to an underlying 

germline mutation. 

Localization 
The blood and bone marrow are always 

affected. Generally, the spleen, liver 

and lymph nodes are not sites of initial 

manifestation. 

Clinical features 
The most common symptoms are ma¬ 

laise, bleeding, fever and infection {1940}. 

Lymphadenopathy secondary to local or 

systemic infection may be present, but 

hepatosplenomegaly is generally not a 

feature of RCC. In as many as 20% of 

patients, no clinical signs or symptoms 

are reported {1940}. Congenital abnor¬ 

malities of different organ systems may 

be present. 

Three quarters of patients have a platelet 

count <150x 10®/L, and anaemia with 

a haemoglobin concentration of <10 g/ 

dL is noted in about half of all affected 

children {1940}, Age-specific macrocy- 

tosis of red blood cells is seen in most 

patients. The white blood cell count is 

generally decreased, with severe neu¬ 

tropenia noted in about 25% of cases 

{1940}. 

Microscopy 
The classic picture of RCC is a peripheral 

blood smear that shows anisopoikilocy- 

Fig. 6.22 Refractory cytopenia of childhood. The bone marrow biopsy shows hypoplasia and patchy distribution of 

haematopoiesis, in particular erythropoiesis. 
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Fig. 6.23 Refractory cytopenia of childhood. On bone marrow biopsy, CD61 immunohistochemistry shows dysplasia 

of megakaryocytes, with small, non-lobated nuclei or separated nuclei. 

tosis and macrocytosis. Anisochroma- 

sia and polychromasia may be present. 

Platelets often display anisocytosis, and 

giant platelets can occasionally be de¬ 

tected. Neutropenia, with pseudo-Pelg- 

er-Huet nuclei and/or hypogranularity or 

agranularity of neutrophil cytoplasm, may 

be noted. Blasts are absent or account 

for <2% of the white blood cells. 

On bone marrow aspirate smears, dys- 

plastic changes should be present in 

two myeloid ceil lineages or account for 

at least 10% in one cell line (Table 6.07). 

Erythroid abnormalities include nuclear 

budding, muitinuclearity, karyorrhexis, 

internuclear bridging, cytoplasmic gran¬ 

ules and megaloblastoid changes. Cells 

of the granulocytic lineage may exhibit 

nuclear hyposegmentation (with pseu- 

do-Pelger-Huet nuclei), hypogranularity 

or agranularity of the cytoplasm, mac¬ 

rocytic (giant) bands and asynchronous 

nuclear-cytoplasmic maturation. My¬ 

eloblasts account for <5% of the bone 

Fig. 6.24 Aplastic anaemia. Bone marrow biopsy shows 

adipocytosis of bone marrow spaces; the few scattered 

cellsaremainlylymphocytes,plasmacells, macrophages, 

mast cells and occasional mature myeloid cells. 

marrow cells. Megakaryocytes are usu¬ 

ally absent or very few. The detection of 

micromegakaryocytes is a strong indi¬ 

cator of RCC. Ring sideroblasts are not 

found. In cases of RCC with normocel- 

lular or hypercellular bone marrow, there 

is a slight to moderate increase in eryth- 

ropoiesis, with accumulation of immature 

precursor cells (mainly proerythroblasts). 

Increased numbers of mitoses are pres¬ 

ent, indicating ineffective erythropoie- 

sis. Granulopoiesis appears slightly to 

moderately decreased and cells of the 

granulocytic lineage are often loosely 

scattered. Blasts account for <5% of the 

bone marrow cells. Megakaryocytes may 

be normal, decreased or increased in 

number, and display dysplasia with small 

non-lobated nuclei, abnormally separat¬ 

ed nuclear lobes, and (infrequently) char¬ 

acteristic micromegakaryocytes. There is 

no increase in reticulin fibres. 

About 80% of patients with RCC show 

a marked decrease of bone marrow 

cellularity, as low as 5-10% of the normal 

value {2873}. The morphological findings 

in these cases are similar to those ob¬ 

served in normocellular or hypercellular 

cases. Immature erythroid precursors 

form one or several islands consisting of 

>20 cells. This patchy pattern of eryth- 

ropoiesis is usually accompanied by 

sparsely distributed granulopoiesis. Meg¬ 

akaryocytes are significantly decreased 

or absent. Although micromegakaryo¬ 

cytes may be rare or not always found, 

they should be searched for carefully be¬ 

cause they are important for establishing 

the diagnosis, Immunohistochemistry to 

identify micromegakaryocytes is obliga¬ 

tory. Multiple sections prepared from the 

biopsy may facilitate the identification of 

megakaryocytes and erythroid aggre¬ 

gates. Fatty tissue between the areas 

of haematopoiesis can mimic aplastic 

anaemia (Table 6.08). Therefore, at least 

two biopsies >2 weeks apart or two bi¬ 

opsies from two different locations of the 

pelvis are recommended to facilitate the 

detection of representative bone marrow 

spaces containing foci of erythropoiesis. 

Differential diagnosis 
In children, a variety of non-haematolog- 

ical disorders (e.g, viral infections, nutri¬ 

tional deficiencies and metabolic diseas¬ 

es) can give rise to secondary dysplastic 

morphology mimicking RCC (Table 6.09). 

In the absence of a cytogenetic marker, 

the clinical course in cases suspected of 

RCC must be carefully evaluated before 

a clear-cut diagnosis can be made. The 

haematological differential diagnosis in¬ 

cludes acquired aplastic anaemia, inher¬ 

ited bone marrow failure diseases, and 

paroxysmal nocturnal haemoglobinuria. 

Unlike RCC, acquired aplastic anaemia 

presents with adipocytosis of the bone 

marrow spaces or with sparsely scattered 

Fig. 6.25 Refractory cytopenia of childhood (RCC). A Bone marrow aspirate smear showing abnormal nuclear 

segmentation of an erythropoietic precursor cell and a small megakaryocyte with a bilobed nucleus. B Bone marrow 
biopsy showing a cluster of proerythroblasts without maturation. 
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myeloid cells. There are no significant 

erythroid islands, no increased imma¬ 

ture erythroblasts, and no granulocytic or 

megakaryocytic dysplasia, in particular 

no micromegakaryocytes (Table 6.08). 

Contrary to what is sometimes reported 

in adults with aplastic anaemia, acquired 

aplastic anaemia in children does not 

have megaloblastoid features at presen¬ 

tation. The vast majority of cases of RCC 

and severe aplastic anaemia can be reli¬ 

ably differentiated by histomorphological 

means alone (296), and flow cytometry 

can be a relevant addition )3}. However, 

after immunosuppressive therapy, the 

histological pattern of acquired aplastic 

anaemia can no longer be distinguished 

from that observed in RCC. The inherited 

bone marrow failure disorders (e.g. Fan- 

coni anaemia, dyskeratosis congenita, 

Shwachman-Diamond syndrome, and 

amegakaryocytic thrombocytopenia or 

pancytopenia with radioulnar synostosis) 

as well as some DNA repair deficiency 

disorders (e.g. LIG4 syndrome) show 

morphological features overlapping those 

of RCC (1942,4437,4481). These entities 

must be excluded by medical history, 

physical examination and the appropriate 

laboratory and molecular studies before 

a definite diagnosis of RCC can be made. 

The clinical picture of paroxysmal noctur¬ 

nal haemoglobinuria is rare in childhood, 

although paroxysmal nocturnal haemo¬ 

globinuria clones in the absence of hae¬ 

molysis or thrombosis may be observed 

in children with RCC (5). The association 

between RCC with two or more dysplas- 

tic lineages and MDS with multilineage 

dysplasia has not been fully investigated 

(4418). It is currently recommended that 

cases that would otherwise fulfil the cri¬ 

teria for MDS with multilineage dysplasia 

be considered as RCC until further stud¬ 

ies clarify whether the number of lineages 

involved is an important prognostic dis¬ 

criminator in childhood MDS. 

Immunophenotype 
Micromegakaryocytes can easily be 

missed in H&E-stained bone marrow 

trephine biopsy sections, but are more 

readily apparent with immunostaining 

for platelet glycoproteins such as CD61 

(also called glycoprotein Ilia), CD41 (also 

called glycoprotein llb/llla) or von Wille- 

brand factor. Myeloblasts are <5% of 

the bone marrow cells; detection of >5% 

blast cells that are positive for mye¬ 

loperoxidase (MPO), lysozyme, and/or 

Table 6.07 Minimal diagnostic criteria for refractory cytopenia of childhood. 

The criteria of dysplasia must be fulfilled In >10% of cells in >1 lineage; in some cases, lesser degrees of dysplasia 

are present in 2 or 3 lineages. 

Specimen Erythropoiesis Granulopoiesis Megakaryopoiesis 

Bone 

marrow 

aspirate 

Dysplastic changes^ and/or 

megaloblastoid changes 
Dysplastic changes'^ in 

granulocytic precursors 

and neutrophils; 

< 5% blasts 

Unequivocal micromega¬ 

karyocytes; other dysplastic 

changes'’ in variable numbers 

Bone 

marrow 

biopsy 

A few clusters of 

>20 erythroid precursors. 

Arrest in maturation, 

with increased number of 

proerythrobiasts. Increased 

number of mitoses. 

No minimal diagnostic 

criteria 

Unequivocal 

micromegakaryocytes; 

immunohistochemistry is 

obligatory (CD61, CD41); other 

dysplastic changes'’ in variable 

numbers 

Peripheral 

biood 
Dysplastic changes*’ in 

neutrophils 

^ Erythroid dysplasia: abnormal nuclear segmentation, multinucleated cells, nuclear bridges. 

Granulocytic dysplasia: pseudo-Pelger-Huet cells, hypogranularity or agranularity, giant bands 

(in cases with severe neutropenia, this criterion may not be fulfilled). 

Megakaryocytic dysplasia: variable size with separated nuclei or round nuclei; the absence of 

megakaryocytes does not rule out refractory cytopenia of childhood. 

Table 6.08 Comparison of the morphological criteria for hypoplastic refractory cytopenia of childhood and 

aplastic anaemia in chiidren 

Refractory cytopenia of childhood Aplastic anaemia in children 

Criterion 

Bone marrow 

biopsy 

Bone marrow 

aspirate cytology 

Bone marrow 

biopsy 

Bone marrow 

aspirate cytoiogy 

Erythropoiesis Patchy distribution 

Left shift 

Increased mitosis 

Nuclear segmentation 

Multinuclearity 

Megaloblastoid 

changes 

Absent or single 

small focus; 

<10 cells with 

maturation 

Absent or very 

few cells, without 

dysplasia or 

megaloblastoid 

change 

Granulopoiesis Marked decrease 

Left shift 

Pseudo-Pelger-Huet 

anomaly 

Agranularity of 

cytoplasm 

Hypogranularity of 

cytoplasm 

Nuclear-cytoplasmic 

maturation defects 

Absent or 

markedly 

decreased, with 

very few small foci 

with maturation 

Few maturing 

cells, with no 

dysplasia 

Megakaryo¬ 

poiesis 

Marked decrease or 

aplasia 

Dysplastic changes 

Micromegakaryocytes 

Micromegakaryocytes 

Multiple separated 

nuclei 

Small round nuclei 

Absent or very 

few non-dysplastic 

megakaryocytes 

Absent or few 

non-dysplastic 

megakaryocytes 

Lymphocytes May be increased 

focally or dispersed 

May be increased May be increased 

focally or 

dispersed 

May be increased 

CD34+ 

precursor cells 

No increase No increase 

KIT+ (CD117+) 

precursor cells 

No increase No increase 

KIT+ (CD117+) 

mast cells 

Slightly increased Slightly increased 
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Table 6.09 Disorders that can present with morpho¬ 

logical features indistinguishable from those of refrac¬ 

tory cytopenia of childhood 

- Infection (e.g. cytomegalovirus, herpesviruses, 

parvovirus B19, visceral leishmaniasis) 

- Vitamin deficiency (e.g. deficiency of vitamin B12, 

folate, vitamin E) 

- Metabolic disorders (e.g. mevalonate kinase 

deficiency) 

- Rheumatological disease 

- Systemic lupus erythematosus 

- Autoimmune lymphoproliferative disorders 

(e.g. FAS deficiency) 

- Mitochondrial DNA deletions (e.g. Pearson 

syndrome) 

- Inherited bone marrow failure disorders 

(e.g. Fanconi anaemia, dyskeratosis congenita, 

Shwachman-Diamond syndrome, 

amegakaryocytic thrombocytopenia, 

thrombocytopenia with absent radii, radioulnar 

synostosis, Seckel syndrome) 

- Paroxysmal nocturnal haemoglobinuria 

- Acquired aplastic anaemia during haematological 

recovery during or after immunosuppression 

KIT (CD117) may indicate progression 

to higher-grade MDS. CD34 staining is 

useful for identifying myeloblasts, but an 

increase of haematogones positive for 

CD34 and CD79a should be excluded. 

Clusters of myeloblasts are not seen in 

RCC. In most cases, flow cytometric im- 

munophenotyping indicates a greatly 

reduced myeloid compartment, but not 

as severely reduced as in children with 

aplastic anaemia (3). 

Cell of origin 
A haematopoietic stem cell with multi¬ 

lineage potential 

Genetic profile 
The genetic changes that predispose 

individuals to MDS in childhood remain 

largely obscure. The presumed under¬ 

lying mechanism may also give rise to 

subtle phenotypic abnormalities noted 

in many children with MDS. GATA2 de¬ 

ficiency was identified as germline pre¬ 

disposition in 5% of consecutively di¬ 

agnosed children with RCC and can 

be associated with monosomy 7 or 

trisomy 8 {4342}. Monosomy 7 is the 

most common cytogenetic abnormal¬ 

ity in RCC {1504,1940,2749,2873}. In 

one study, patients with normocellular 

or hypercellular bone marrow showed a 

normal karyotype, monosomy 7 or other 

aberrations in 61%, 19% and 12% of cas¬ 

es, respectively {2873}. In hypocellular 

RCC, the Incidence of monosomy 7 and 

other aberrations is approximately 20%. 

Prognosis and predictive factors 
Karyotype is the most important factor 

predicting progression to advanced MDS. 

Patients with monosomy 7 have a signifi¬ 

cantly higher probability of progression 

than do patients with other chromosom¬ 

al abnormalities or a normal karyotype 

{1940}. Spontaneous disappearance of 

cytopenia with monosomy 7 and del (7q) 

has been reported in some infants, but 

remains a rare event {3065}. Unlike with 

monosomy 7, patients with trisomy 8 or 

a normal karyotype may experience a 

long, stable course of disease. Currently, 

haematopoietic stem cell transplantation 

is the only curative therapy available, and 

Is the treatment of choice for patients with 

monosomy 7 or complex karyotypes ear¬ 

ly In the course of their disease. Given the 

low rate of transplant-related mortality, 

haematopoietic stem cell transplantation 

can also be recommended for patients 

with other karyotypes if a suitable donor 

is available {3807}. 

An expectant approach, with careful ob¬ 

servation, is reasonable in the absence 

of transfusion requirement, severe cyto¬ 

penia and infections {1579}. Because 

early bone marrow failure can be medi¬ 

ated at least in part by T-cell immuno¬ 

suppression of haematopoiesis, and 

because T-cell receptor V beta skew¬ 

ing with expansion of effector cytotoxic 

T cells is noted in approximately 40% of 

RCC cases, immunosuppressive therapy 

can be an effective therapeutic strategy 

in select patients {1580,4438}; however, 

the long-term risk of relapse or clonal 

evolution remains. 
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Definition 
Myelodysplastic syndromes (MDSs) and 

acute myeloid leukaemia (AML) present 

primarily as sporadic diseases and typi¬ 

cally occur in older adults. However, it 

has become increasingly apparent that 

some cases of myeloid neoplasms, in 
particular MDS and AML, occur in asso¬ 

ciation with inherited or de novo germline 

mutations characterized by specific 

genetic and clinical findings. The most 

established of these disorders are those 

that occur in the setting of well-defined 

inherited syndromes that exhibit add¬ 

itional non-haematological findings and 

often present in childhood, such as the 

bone marrow failure syndromes (includ¬ 

ing Fanconi anaemia) and the telomere 

biology disorders (e.g. dyskeratosis 

congenita, see Table 7.01) (2866,3613, 

3800). However, we have become in¬ 

creasingly aware of additional autosomal 

dominant disorders with predisposition 

to MDS/AML. Some patients with these 

disorders initially present with a myeloid 

neoplasm, whereas others have a pre¬ 

existing disorder or organ dysfunction. 

Some of the first cases to be described 

were AML with germline-mutated CEBPA 
and MDS/AML with germline mutations 

in RUNX1 and a pre-existing familial 

platelet disorder, but the list of these dis¬ 

orders is expanding (Table 7.01) (854, 

1390,3015,4301). Myeloid neoplasms 

associated with predisposing mutations 

are generally considered to be rare, but 

as recognition grows, they may be found 

to be more common than is currently re¬ 

alized. Because the hereditary basis for 

these neoplasms is only beginning to be 

understood, it is likeiy that more disor¬ 

ders wili be identified and that many of 

the currently recognized disorders will 

become more clearly defined. 

The recognition and diagnosis of myeloid 

malignancies that arise from a germline 

mutation is critical for the proper clinioal 

management and long-term follow-up of 

affected individuals. Even if a patient has 

not developed malignancy, the presence 

of additional organ dysfunction and ab¬ 

normalities in platelet number and func¬ 

tion warrant clinical management. For 

example, patients with germline RUNX1, 
ANKRD26, or ETV6 mutations can bleed 

out of proportion to their platelet oounts 

and may require anticipatory transfusion 

of normal platelets prior to invasive pro¬ 

cedures or childbirth. Individuals in these 

families benefit greatly from genetic 

counselling from counsellors with train¬ 

ing in familial haematopoietic disorders. 

Because the clinical management of pa¬ 

tients with malignant myeloid disorders 

often involves allogeneic haematopoietic 

stem cell transplantation, careful donor 

selection is critical in these families, to 

avoid re-introduction of the deleterious 

mutation. Inadvertent use of affected 

donor stem cells has resulted in poor or 

failed stem ceil engraftment, poor graft 

function, and donor-derived leukaemias. 

Therefore, it is critical to distinguish mye¬ 

loid neoplasms that arise as a conse¬ 

quence of germline predisposition from 

those that arise spontaneously or are 

secondary to environmental or chemical 

exposures. 

This chapter discusses the major mye¬ 

loid neoplasms with germline predisposi¬ 

tion. The discussion focuses on myeloid 

neopiasms, but lymphoid neoplasms 

and solid tumours also occasionally 

occur in these same pedigrees, and are 

mentioned when relevant. There is in¬ 

creasing evidence to support germline 

mutations with predisposition to lympho¬ 

blastic leukaemia (1734,3134,3630); this 

is discussed in the sections on T- and B- 

lymphoblastic leukaemias/ lymphomas. 

The familial myeloid neoplasms included 

in this chapter are categorized into three 

groups (Table 7.01). The first group in¬ 

cludes myeloid neoplasms associated 

with germline mutations of CEBPA or 

DDX41, with a clinical picture dominat¬ 

ed by either MDS or AML and with no 

other significant organ dysfunction or 

pre-existing disorder. The second group 

consists of myeloid neoplasms associ¬ 

ated with germline mutations of RUNX1, 
ANKRD26, or ETV6 in which affected pa¬ 

tients have a pre-existing platelet disor¬ 

der. The third category includes myeloid 

neoplasms with predisposing mutations 
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Fig. 7.01 Acute myeloid leukaemia with 64742 mutation. A Blood smear with a circulating myeloblast and a dysplastic neutrophil B Bone marrow biopsy showing increased 

blasts and dysplastic megakaryocytes. 
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Table 7.01 Classification of myeloid neoplasms with germline predisposition 

Myeloid neoplasms with germline predisposition without a pre-existing disorder or organ dysfunction 

Acute myeloid leukaemia with germline CEBPA mutation 

Myeloid neoplasms with germline DDX41 mutation® 

Myeloid neoplasms with germline predisposition and pre-existing platelet disorders 

Myeloid neoplasms with germline RUNX1 mutation® 

Myeloid neoplasms with germline ANKRD26 mutation® 

Myeloid neoplasms with germline ETV6 mutation® 

Myeloid neoplasms with germline predisposition and other organ dysfunction 

Myeloid neoplasms with germline GATA2 mutation 

Myeloid neoplasms associated with bone marrow failure syndromes*’ 

Myeloid neoplasms associated with telomere biology disorders*’ 

Juvenile myelomonocytic leukaemia associated with neurofibromatosis, Noonan syndrome, 

or Noonan syndrome-like disorders® 

Myeloid neoplasms associated with Down syndrome®''* 

® Lymphoid neoplasms have also been reported. 

** See Table 7.03 (p, 127) for specific genes. 

® See Juvenile myelomonocytic leukaemia, p. 89. 

'* See Myeloid proliferations associated with Down syndrome, p. 169. 

in which affected patients frequently 
exhibit additional non-haematological 
phenotypic abnormalities; the entities in 
this group are neoplasms with germline 
GATA2 mutation, the telomere biology 
disorders, and the inherited bone mar¬ 
row failure disorders that often present in 
childhood (Table 7.01). Myeloid prolifera¬ 
tions associated with Down syndrome, 
neurofibromatosis, and Noonan syn¬ 
drome are also germline predisposition 
disorders, but are discussed elsewhere 
in this volume. 

Synonyms 
Familial myeloid neoplasms; 
familial myelodysplastic syndromes/ 
acute leukaemias 

Epidemiology 
The frequency of myeloid neoplasms 
associated with genetic predisposition is 
unknown, but they are considered rare. 
Some germline mutations are associated 
with pre-existing non-neoplastic haema- 
tological disorders or organ dysfunction 
that may present during childhood or in 
young adults. The neoplasms can pre¬ 
sent in any age group, often in children 
and young adults but also in older indi¬ 
viduals, depending on the specific gene 
mutation. 

Etiology 
The etiology of these neoplasms is rela¬ 
ted to the underlying germline mutations. 
In some instances, the development of 
the myeloid neoplasm has been found to 
be associated with additional molecular 
and/or cytogenetic events, 

Clinical features 
There are no clinical features specific to 
myeloid neoplasms with a predisposing 
germline mutation. However, many of 
the germline mutations are associated 
with non-neoplastic haematological dis¬ 
orders, organ dysfunction, or inherited 
syndromic disorders that correlate with 
the specific gene involved and often 
manifest before the myeloid neoplasm 
develops. 
Recognition of the presence of a germ¬ 
line predisposition syndrome requires 
familiarity with the currently defined syn¬ 
dromes and their clinical features. Guide¬ 
lines recommend conducting a complete 
family history in the context of a compre¬ 
hensive medical history and physical ex¬ 
amination of all patients diagnosed with a 

haematological malignancy. It is particu¬ 
larly important to include detailed ques¬ 
tioning about personal and family history 
including bleeding history as described 
in Table 7.02; documentation may be 
facilitated by genetic counselling with a 
counsellor familiar with inherited haema¬ 
tological malignancies {757). 

Microscopy and immunophenotype 
The morphology of the neoplasm 
depends on its subtype (MDS or AML). 
In many instances, the morphology has 
not been defined in detail or the num¬ 
ber of cases described is limited. There 
is no known morphological finding spe¬ 
cific for any neoplasm with an underlying 
germline mutation, but some findings 
(e.g. bone marrow hypocellularity, dys¬ 
plasia, and the presence of Auer rods) 
characteristic of certain mutations are 
described here. The neoplasms have 
a myeloid immunophenotype. Some of 
these disorders exhibit distinctive blood 
and bone marrow morphology at base¬ 
line, before the development of overt 
neoplasia. The presence of a genetic 
predisposition does not in itself place a 
case into the category of a myeloid neo¬ 
plasm until the appearance of standard 
diagnostic features of MDS, AML, or 
other myeloid malignancy. In general, 
the diagnostic criteria for the germline 
predisposition disorders are the same as 
those for sporadic cases; however, the 
diagnosis of MDS may be challenging in 
some cases. For example, some cases 

exhibit early dysplastic features that are 
stable and may not progress to MDS or 
AML for decades. These include the fa¬ 
milial disorders in which dysmegakaryo- 
poiesis accompanies thrombocytopenia 
secondary to germline ANKRD26 or 
ETV6 mutations. It is recommended that 
these cases not be considered neoplas¬ 
tic unless additional signs of neoplasia 
develop (e.g. increased blasts, increa¬ 
sing marrow cellularity in the presence 
of persisting cytopenias, increasing 
cytopenias, and/or the presence of ad¬ 
ditional cytogenetic or molecular genetic 
abnormalities to suggest progression 
to MDS/AML), Diagnosis of the child¬ 
hood syndromic disorders can also be 
challenging. For example, patients with 
Fanconi anaemia often have a clinical 
course with fluctuating clonal haema- 
topoiesis that can be difficult to distin¬ 
guish from overt MDS (78,79). Close col¬ 
laboration of pathologists and clinicians 
with clinical geneticists and/or certified 
genetic counsellors is essential for ad¬ 
dressing these challenges. 
Another challenge is that the genetic 
predisposition may not be known or iden¬ 
tified at the time of diagnosis of the first 
myeloid neoplasm within a family, which is 
often classified as a sporadic neoplasm. 
When the germline mutation becomes 
known, the diagnosis can be modified. 
For example, after a germline mutation is 
identified, a diagnosis of AML could be 
modified to AML with germline CEBPA 
mutation. Similarly, myeloid neoplasms 
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Table 7.02 Individuals in whom the possibility of a myeloid neoplasm with germline predisposition 

should be considered. From: Churpek JE, et al. {757} 

Any patient presenting with myelodysplastic syndrome (MDS) or acute leukaemia, i.e. acute myeloid leukaemia 

(AML) or lymphoblastic leukaemia, with any of the following: 

- A personal history of multiple cancers 

- Thrombocytopenia, bleeding propensity, or macrocytosis preceding the diagnosis of 

MDS/AML by several years 

- A first- or second-degree relative with a haematological neoplasm 

- A first- or second-degree relative with a solid tumour consistent with germline predisposition; 

i.e. sarcoma, early-onset breast cancer (at patient age <50 years), or brain tumours 

- Abnormal nails or skin pigmentation, oral leukoplakia, idiopathic pulmonary fibrosis, unexplained liver 

disease, lymphoedema, atypical infections, immune deficiencies, congenital limb anomalies, 

or short stature (in the patient or a first- or second-degree relative) 

Any healthy potential haematopoietic stem cell donor who is planning to donate for a family member with a 
haematological malignancy with any of the conditions listed above or who fails to mobilize stem cells well using 

standard protocols 

occurring in association with the syndro¬ 

mic disorders often presenting in child¬ 

hood should be classified according to 

the genetic abnormality (e.g. AML with 

germline SBDS mutation), if the affected 

gene has not been determined in a given 

patient, the neoplasm can be classified 

as AML associated with Shwachman- 

Diamond syndrome. 

Genetic profile 
Each of these neoplasms exhibits a 

specific germline predisposition muta¬ 

tion (described below) identified by mo¬ 

lecular genetic testing (including gene 

sequencing). Routine cytogenetic analy¬ 

sis may be normal or may reveal non¬ 

defining karyotypic alterations. Because 

many of the genes that are mutated in 

the germline can also be mutated as 

acquired events in MDS/AML, it is critical 

to perform germline testing on constitu¬ 

tional DNA. Growth of skin fibroblasts is 

the gold standard for obtaining germline 

DNA, but DNA from nails or hair can also 

be used. Because blood and bone mar¬ 

row are both affected by haematological 

tumours, they should be used cautiously 

as a source of germline DNA. Saliva and 

buccal swabs are often contaminated 

with blood cells and should not be con¬ 

sidered to be purely germline material. 

Once true germline DNA is obtained, it 

can be sent for molecular genetic testing. 

Panel-based testing for all known predis¬ 

position genes and testing for individual 

genes is available at academic and com¬ 

mercial laboratories (for availability de¬ 

tails, consult https://www.genetests.org). 

Because many individuals and families 

have unique familial mutations, many var¬ 

iants are initially classified as variants of 

uncertain significance and require func¬ 

tional testing to determine whether they 

are deleterious. 

The results of molecular testing of mye¬ 

loid neoplasms must be interpreted 

carefully, with these syndromes in mind. 

Standard testing for prognostication of 

AML includes CEBPA mutation test¬ 

ing; in about 10% of cases with biallelic 

CEBPA mutations, one of the mutations 

is a germline event. Because many mu¬ 

tations in familial syndromes can also 

be acquired events, panel-based muta¬ 

tion tests must be interpreted with cau¬ 

tion. For example, if a RUNX1 or ETV6 
mutation is found by mutation testing of 

affected blood and/or bone marrow, con¬ 

sideration should be given as to whether 

the mutation is actually germline. 

Genetic susceptibility 
When a patient’s personal or family his¬ 

tory suggests familial predisposition to 

myeloid malignancies, clinical testing for 

mutations known to confer increased risk 

of development of myeloid malignancies 

is often negative, suggesting that ad¬ 

ditional predisposition alleles exist and 

await discovery. Therefore, the number of 

recognized germline predisposition syn¬ 

dromes is likely to increase. For example, 

recently described germline mutations of 

SRP72 {1390,2033} and germiine dupli¬ 

cations of ATG2B and GSKIP {3496} may 

emerge as myeloid neoplasm predispo¬ 

sition syndromes as more information 

becomes available. 

Myeloid neoplasms with germline 
predisposition without a 
pre-existing disorder or organ 
dysfunction 

Acute myeloid leukaemia with 
germline CEBPA mutation 
This familial AML syndrome is due to the 

inheritance of a single copy of mutated 

CEBPA, which encodes a granulocyte 

differentiation factor on chromosome 

band 19q13.1 {3708}. The AML is asso¬ 

ciated with biallelic CEBPA mutations, 

with the germline mutation usually found 

in the 5' end of the gene and a somatic 

mutation at the 3' end of the other allele 

acquired at the time of progression to 

AML {3015,3023}. Acquired GATA2 mu¬ 

tations are also common in this setting 

{1430}. 

This disorder appears to have near- 

complete penetrance for development 

of AML {3015,3792), but the prevalence 

is unknown. Both monoallelic and bial¬ 

lelic mutations occur in sporadic AML, 

but only biallelic mutations are associ¬ 

ated with a good prognosis {3023,3908}. 

In the current WHO classification, only 

cases with biallelic CEBPA mutations 

are recognized as a specific subtype 

of AML. Because some of these cases 

may constitute AML with genetic predis¬ 

position, the identification of biallelic 

CEBPA mutations within leukaemic cells 

should prompt evaluation for germline in¬ 

heritance of one of the alleles. 

Patients with AML with germline mutations 

of CEBPA typically present with AML as 

children or young adults; in one report of 

10 affected families, 24 patients with AML 

presented at a median age of 24.5 years 

(range: 1.75-46 years) {3909}. AML is 

the primary presenting feature, with no 

preceding blood count abnormalities. 

The familial forms have morphological 

and immunophenotypic features similar 

to those of sporadic AML with CEBPA 
mutations, including a predominance of 

AML with or without maturation, the pres¬ 

ence of Auer rods, frequent aberrant CD7 

expression in the blast population, and a 

normal karyotype {3015,3708}. Overall, 

AML with germline CEBPA mutation has 

a favourable prognosis. In one series, the 

10-year overall survival rate was 67%, 

although multiple relapses were reported 

{3909}. The somatic CEBPA mutations 

were found to be unstable throughout the 

disease course, with different mutations 

identified at recurrence, suggesting that 
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apparent relapses may in fact represent 

novel, independent clones rather than 

being true relapses (3909). 

Myeloid neoplasms with germline 
DDX41 mutation 
This is a recently described autosomal 

dominant familial MDS/AML syndrome 

(3208) characterized by inherited muta¬ 

tions in the gene on chromosome 5 

encoding the DEAD box RNA helicase 

DDX41. As with CEBPA, there is a sig¬ 

nificant subset of cases in which the 

DDX41 mutation is biallelic, with one 

mutation being germline. The preva¬ 

lence of this germline DDX41 mutation 

is unknown. However, DDX41 mutations 

have been found in about 1.5% of mye¬ 

loid neoplasms, and half of these pa¬ 

tients had germline mutations (114,2291, 

3208). Although the number of described 

pedigrees with MDS/AML with germline 

DDX41 mutation is limited, this disorder 

appears to be associated with long laten¬ 

cy (with a mean patient age of 62 years 

at haematological malignancy onset) 

and development of high-grade myeloid 

neoplasms. The neoplasms reported are 

mainly MDS - MDS with multilineage dys¬ 

plasia, MDS with excess blasts, and MDS 

with isolated del(5q) - and AML. Chronic 

myeloid leukaemia, chronic myelomono- 

cytic leukaemia (CMML), and Hodgkin 

and non-Hodgkin lymphomas have also 

been reported. The penetrance of the dis¬ 

ease is not fully established, but appears 

to be high. Patients with germline DDX41 
mutation who develop MDS/AML usually 

present with leukopenia (with or without 

other cytopenias or macrocytosis), hypo- 

cellular bone marrow with prominent 

erythroid dysplasia, and a normal karyo¬ 

type, often leading to erythroleukaemia. 

The prognosis is generally poor. Early 

data suggest that patients may respond 

to lenalidomide, but this observation is 

based on a limited number of patients 

(3208). 

Myeloid neoplasms with germUne 
predisposition and pre-existing 
platelet disorders 

Myeloid neoplasms with germline 
RUNX1 mutation 
Familial platelet disorder with predispo¬ 

sition to AML is an autosomal dominant 

syndrome characterized by abnormali¬ 

ties in platelet number and function and 

enhanced risk of developing MDS/AML 

at a young age (2866,3015). Patients 

with this disorder have germline mono- 

allelie mutations in RUNX1, a gene on 

chromosome band 21q22 encoding one 

subunit of the core binding transcription 

factor that regulates expression of sev¬ 

eral genes essential for haematopoiesis. 

Somatic RUNX1 alterations also occur in 

sporadic myeloid neoplasms, including 

participation as a partner in the RUNX1- 
RUNX1T1 fusion associated with t(8;21) 

(q22;q22.1) in AML and in the newly 

recognized WHO provisional entity AML 

with mutated RUNX1. The prevalence of 

germline RUNX1 mutations has not been 

determined. 

The clinical presentation is variable, 

even within the same family. Most af¬ 

fected individuals have a mild to moder¬ 

ate bleeding tendency, usually evident 

from childhood, but some have no bleed¬ 

ing history. Platelet counts are normal 

or mildly reduced, with normal platelet 

morphology and variable degrees of 

platelet dysfunction. Most patients ex¬ 

hibit impaired platelet aggregation with 

collagen and epinephrine, as well as a 

dense granule storage pool deficiency 

(3015,3729). 

Distinct families with germline RUNX1 
mutations exhibit varying risks of de¬ 

velopment of myeloid neoplasms, with 

11-100% (median: 44%) of family mem¬ 

bers affected. The median patient age at 

onset of MDS/AML is 33 years, younger 

than for sporadic MDS/AML (4301). MDS 

and AML are the most common haemato- 

iogical neoplasms with germline RUNX1 
mutations, but CMML, T-lymphoblastic 

leukaemia/lymphoma, and (rarely) B-cell 

neoplasms (including hairy cell leukae¬ 

mia) have also been reported (1390). 

There are limited data on the morphology 

of MDS and AML, but the AMLs are re¬ 

ported to typically be AML with or without 

maturation, and Auer rods are common 

(3014). Anticipation appears to occur 

in many of the reported pedigrees, with 

children sometimes presenting before 

family members of older generations. 

Long-term data on the outcomes of pa¬ 

tients treated for myeloid neoplasms with 

germline RUNX1 mutation are limited, 

making the determination of prognosis 

difficult (1390). 

The causative germline RUNX1 mutations 

include nonsense mutations, frameshift 

mutations, duplications, deletions, and 

missense mutations. Some of the muta¬ 

tions appear to act by haploinsufficiency 

and have dominant negative effects. 

Progression to MDS/AML likely requires 

additional mutations, which may account 

for some of the variation in penetrance of 

MDS/AML as well as the variable neo¬ 

plasm phenotypes that develop (4301). 

Acquisition of a mutation of the second 

RUNX1 allele appears to be a common 

second hit, but it is not required (3235). 

Other additional acquired abnormalities, 

including a CBL mutation in an individual 

who developed CMML and a mutation 

of ASXL1 in addition to loss of NF1 in a 

case of T lymphoblastic leukaemia, have 

also been reported (1390,4038,4301). 

For cases suspected to harbour RUNX1 
mutations in which standard sequencing 

fails to reveal a point mutation, it is rec¬ 

ommended that germline testing include 

testing for gene deletions, duplications, 

and rearrangements (1390). 

Myeloid neoplasms with germline 
ANKRD26 mutation 
Thrombocytopenia 2 (germline ANKRD26 
mutation) is an autosomal dominant 

disorder characterized by moderate 

thrombocytopenia and increased risk 

of developing MDS/AML. This disor¬ 

der is characterized by germline muta¬ 

tions in ANKRD26, located on chromo¬ 

some band 10p12.1 (2894). Most such 

mutations occur within the 5' untrans¬ 

lated region of the gene and disrupt the 

assembly of RUNXI and FLU on the 

ANKRD26 promoter, ultimately resulting 

in increased gene transcription and sig¬ 

nalling through the MPL pathway. This 

leads to impaired proplatelet formation by 

megakaryocytes. It has been shown that 

inhibition of EPHB2/MAPK (also called 

ERK) reverses the proplatelet defect in 

vitro, which implicates the MARK path¬ 

way in the pathogenesis of the thrombo¬ 

cytopenia 2 platelet defect (1390). Nota¬ 

bly, one missense mutation (D158G) has 

been identified within a family (45). 

The incidence of this disorder is un¬ 

known, but more than 20 affected fami¬ 

lies have been reported. Platelet count 

is variable, but the thrombocytopenia 

is usually moderate, with normal plate¬ 

let size and volume. Most patients have 

glycoprotein la and alpha-granule de¬ 

ficiency, whereas in vitro platelet ag¬ 

gregation studies are often normal. 

Thrombopoietin levels in these patients 

are elevated. Bleeding tendencies 

in affected patients are usually mild. 
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Fig. 7.02 Thrombocytopenia associated with germline ANKRD26 mutation. A Bone marrow biopsy showing small 

hyposegmented and binucleated megakaryocytes; there is no definitive evidence for a myelodysplastic syndrome or 

acute leukaemia. B Bone marrow aspirate showing a small binucleated megakaryocyte. C Immunostaining for CD61 

highlights the small hyposegmented megakaryocytes in the bone marrow biopsy. 

Evidence of dysmegakaryopoiesis has 

been observed in the small number of 

patients without leukaemia who have un¬ 

dergone bone marrow biopsies: mega¬ 

karyocytes are increased in number and 

small, have hyposegmented nuclei or 

two nuclei, and include micromegakaryo¬ 

cytes. A small subset of patients have el¬ 

evated haemoglobin concentrations and 

leukocyte counts {2894). 

Although the number of reported families 

with this disorder is limited, the preva¬ 

lence of the development of myeloid neo¬ 

plasms in these families is estimated to 

be approximately 30 times higher than 

that in the general population. Most of the 

reported cases are AML or MDS, but the 

number of reported cases is low (2893). 

A smaller number of patients had chronic 

myeloid leukaemia, CMML (3132), or 

chronic lymphocytic leukaemia {2894}. 

Myeloid neoplasms with germline 
ETV6 mutation 
Thrombocytopenia 5 (germline ETV6 mu¬ 

tation) is a recently described disorder 

characterized by autosomal dominant 

familial thrombocytopenia and haema- 

tological neoplasms. Affected patients 

have variable thrombocytopenia with nor¬ 

mal-sized platelets, and a mild to moder¬ 

ate bleeding tendency, occasionally pre¬ 

senting in infancy. The limited number of 

bone marrow biopsies from affected in¬ 

dividuals without leukaemia have shown 

small hyposegmented megakaryocytes. 

Mild dyserythropoiesis has also been re¬ 

ported. The haematological malignancies 

reported in these individuals are diverse, 

including MDS, AML, CMML, B lympho¬ 

blastic leukaemia, and plasma cell my¬ 

eloma, Non-haematological neoplasms, 

including colorectal adenocarcinoma, 

have been also reported in these fami¬ 

lies. The missense mutations identified 

to date have a dominant negative effect, 

resulting in disrupted nuclear localization 

of the ETV6 transcription factor and re¬ 

duced expression of platelet-associated 

genes {2887,4024,4480}, 

Myeloid neoplasms with germline 
predisposition associated with 
other organ dysfunction 

Myeloid neoplasms with germline 
GATA2 mutation 
Germline GATA2 gene mutations were 

originally identified as four separate 

syndromes: 
- MonoMAC syndrome, characterized by 

monocytopenia and non-tuberculous 

mycobacterial infection {1715,4197} 

- Dendritic cell, monocyte, B- and NK- 

lymphoid (DCML) deficiency with vul¬ 

nerability to viral infections {375,977, 

1518} 
- Familial MDS/AML {1293,1518} 

- Emberger syndrome, characterized 

by primary lymphoedema, warts 

and a predisposition to MDS/AML 

{2490,3002} 

GATA2 mutations were also recognized 

in a minority of cases of congenital 

neutropenia and aplastic anaemia. Con¬ 

sidering the overlapping features present 

in these disorders, they are now recog¬ 

nized as a single genetic disorder with 

protean manifestations {784,978,1292, 

3755}. 

GATA2 is a zinc-finger transcription fac¬ 

tor regulating haematopoiesis, autoim¬ 

munity, and inflammatory and develop¬ 

mental processes. Germline GATA2 
mutations have been identified in both 

coding and non-coding regions; they 

are monoallelic and broadly classified as 

missense, null, and regulatory mutations. 

Germline GATA2 mutations result in loss 

of function of the mutated allele, result¬ 

ing in haploinsufficiency {3755}. No sig¬ 

nificant association between genotype 

and clinical manifestations has been 

identified, with the exception of lymphoe¬ 

dema and severe infections that are seen 

preferentially in patients with null muta¬ 

tions {1289}. GATA2 haploinsufficiency 

is diagnosed by full gene sequencing 

and large rearrangement testing. The in¬ 

cidence of GATA2 haploinsufficiency is 
unknown. 

The clinical presentation of germline 

GATA2 mutation is heterogeneous. In a 

study of 57 GATA^-mutated cases, the 

median patient age at presentation was 

20 years (range: 5 months to 78 years), 

with 64% of cases presenting with infec¬ 

tion, 21% with MDS/AML, and 9% with 

lymphoedema {3755}. A small subset 

of cases present with AML, but many 
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Table 7.03 Selected bone marrow failure syndromes and telomere biology disorders with germline predisposition to myeloid neoplasms^ {206,1390,2471,3613,3658,3800,4301} 

Syndrome Inheritance patterns and 

genes 
Characteristic 

haematological 

neoplasms 

Risk of myeloid 

neoplasm 
Other phenotypic 

findings 

Diagnostic testing 

Fanconi anaemia AR: 

FANCA 

XLR: 

FANCB, FANCC, 

BRCA2 (FANCD1), 

FANCD2. 

FAWCE, FANCF, FANCG, 

FANCI, BRIP1 (FANCJ), 

FANCL, FANCM, 

PALB2 (FANCN), 

RAD51C, SLX4 {BTBD12) 

MDS, AML MDS: 7% 

AML: 9% 
Bone marrow failure, 
low birth weight, 

short stature, 

radial anomalies, 

congenital heart disease, 

microphthalmia, 

ear anomalies, deafness, 

renal malformations, 

hypogonadism, 

cafe-au-lait spots, 

solid tumours 

Screening: 

chromosomal breakage analysis 

Gene sequencing for relevant 

mutations 

Severe congenital 

neutropenia 

AD: 

ELANE, CSF3R, GFI1 

AR: 

HAX1, G6PC3 

XLR: 

WAS 

MDS, AML 21-40% HAX1: 

neurodevelopmental 

G6PC3: 

cardiac and other 

Gene sequencing for relevant 

mutations 

Shwachman-Diamond 

syndrome 

AR: 

SBDS 
MDS, AML, ALL 5-24% Preceding isolated 

neutropenia, 

pancreatic insufficiency, 

short stature, 

skeletal abnormalities 

including metaphyseal 

dysostosis 

Gene sequencing for SBDS 

mutations 

Diamond-Blackfan 

anaemia 

AD: 

RPS19, RPS17. RPS24, 

RPL35A, RPL5, RPL11, 

RPS7, RPS26, RPS10 

XLR: 

GATA1 

MDS, AML, ALL 5% Small stature, 

congenital anomalies 

(e.g. craniofacial, cardiac, 

skeletal, genitourinary) 

Screening: 

elevated erythrocyte adenosine 

deaminase and haemoglobin F 

Gene sequencing for relevant 

mutations 

Telomere biology 

disorders 

including dyskeratosis 

congenita and 

syndromes 

due to TERC or TERT 

mutation 

XLR: 

DKC1 

AD: 

TERT, TERC, TINF2, 

RTEL1 

AR: 

NOP10, NHP2, WRAP53, 

RTEL1, TERT, CTC1 

MDS, AML 2-30% Nail dystrophy, 

abnormal skin and 

pigmentation, 

oral leukoplakia, 

pulmonary fibrosis, 

hepatic fibrosis, 

squamous cell carcinoma 

Telomere length measurement by 

flow-FISH 

If abnormal, gene sequencing 

for relevant mutations 

AD, autosomal dominant; ALL, lymphoblastic leukaemia/lymphoma; AML, acute myeloid leukaemia; AR, autosomal recessive; CMML, chronic myelomonocytic leukaemia; 

MDS, myelodysplastic syndrome; XLR, X-linked recessive. 

® Because phenotypes are variable, some cases may show additional features or lack the key features listed. 

patients develop MDS with a high risk 

of evolution to AML or development of 

CMML (3755), Concurrent ASXL1 mu¬ 

tations have been reported in many 

patients with monosomy 7, some of 

whom have a germline GATA2 mutation 

(514,2656,4303}. MDS/AML develops in 

approximately 70% of affected individu¬ 

als, at a median patient age of 29 years 

(2656). 

The clinical history of immunodeficiency 

associated with reduced monocytes. 

B cells, and NK cells; lymphoedema; 

and/or other clinical manifestations of 

GATA2 mutation may point to the dia¬ 

gnosis, However, some patients with 

germline GATA2 mutation present with 

MDS/AML without these clues. In MDS in 

children and adolescents, GATA2 muta¬ 

tion accounts for 15% of advanced MDS 

cases and 7% of all MDS cases {4342}. 

It is highly prevalent among patients with 

monosomy 7, with 37% of such patients 

harbouring GATA2 germline mutations. 

and peak incidence in adolescence. In 

most children with germline G/4M2 muta¬ 

tion, MDS appears to be sporadic, with¬ 

out a family history of myeloid leukaemia 

or other GA742-related symptoms {4342}. 

GA7A2-mutant MDS can be heralded by 

anaemia, neutropenia, or thrombocy¬ 

topenia. Characteristic morphological 

features are bone marrow hypocellu- 

larity and multilineage dysplasia (most 

prominent in the megakaryocyte line¬ 

age), including micromegakaryocytes 
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and megakaryocytes with separated and 

peripheralized nuclear lobes. Increased 

reticulin fibrosis is also a feature. Flow 

cytometric immunophenotyping shows 

abnormal granulocytic maturation, mono¬ 

cytopenia, and reduced numbers of 

bone marrow NK cells and B cells. Plas¬ 

ma cells are present, but are often abnor¬ 

mal (e.g. CD56-I-). Increased T-cell large 

granular lymphocyte populations are 

common {531}. The most common cyto¬ 

genetic abnormalities are monosomy 7 

and trisomy 8. Based on the limited num¬ 

bers of cases reported in the literature, 

affected patients appear to have a poor 

prognosis. However, improved clinical 

outcomes have been reported with hae¬ 

matopoietic stem cell transplantation in 

patients with MDS {4303). 

Myeloid neoplasms with germline 
predisposition associated with 
inherited bone failure syndromes 
and telomere biology disorders 

The remaining cases of familial 

MDS/AML associated with other organ 

dysfunction include the well-known clas¬ 

sic disorders often diagnosed in child¬ 

hood and known as the inherited bone 

marrow failure syndromes and telomere 

biology disorders. The main features of 

these disorders are listed in Table 7.03 

(p. 127), and the reader is referred to ex¬ 

cellent reviews of this topic {1390,2866, 

3613,3800). It should be noted that the 

phenotypes of these disorders are highly 

variable; in some cases key findings may 

be absent, and patients may not be diag¬ 

nosed until adulthood {3658). The inher¬ 

ited bone marrow failure syndromes are 

a heterogeneous group of disorders in¬ 

cluding Fanconi anaemia, Shwachman- 

Diamond syndrome, Diamond-Blackfan 

anaemia, and severe congenital neu¬ 

tropenia {1390,3613). Although lympho¬ 

blastic leukaemias have been described 

in these syndromes, MDS and AML are 

the most common haematological neo¬ 

plasms {2471}. Patients are typically diag¬ 

nosed in childhood due to bone marrow 

failure or systemic manifestations such 

as limb abnormalities in Fanconi anae¬ 

mia or pancreatic dysfunction in Shwach- 

man-Diamond syndrome, but some 

cases may not be recognized until adult¬ 

hood {3658}. One of the classic disorders 

in this group, Fanconi anaemia, lacks the 

characteristic physical features of short 

stature and radial anomalies in about 

25% of cases. Because there is a 600- 

to 800-fold increased risk of MDS/AML, 

development of a haematological ma¬ 

lignancy may be the presenting feature 

of the disease (4301). Also within the 

spectrum of inherited bone marrow fail¬ 

ure syndromes are the telomere biology 

disorders associated with abnormal tel¬ 

omere maintenance and predisposition 

to MDS and AML. Dyskeratosis congen¬ 

ita is a prototypical disorder in this group, 

with the classic triad of nail dystrophy, 

abnormal reticular skin pigmentation, 

and oral leukoplakia, and a high risk of 

developing MDS/AML. Telomere biology 

disorders result from mutations in one 

of several genes, and inheritance pat¬ 

terns are diverse (Table 7.03, p. 127). The 

clinical presentations of telomere biology 

disorders are heterogeneous, and not all 

patients exhibit the classic features. The 

involvement of at least two genes {TERC, 
which encodes the telomerase RNA 

components, and TERT, which encodes 

the telomerase reverse transcriptase 

component) can cause clinical presen¬ 

tations that completely lack the charac¬ 

teristic mucocutaneous findings. These 

disorders predispose patients not only to 

MDS/AML, but also to a variety of solid 

tumours {1390}. 
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CHAPTER 8 

Acute myeloid leukaemia and related 

precursor neoplasms 

Acute myeloid leukaemia with recurrent 
genetic abnormalities 

Acute myeloid leukaemia with 
myelodysplasia-related changes 

Therapy-related myeloid neoplasms 

Acute myeloid leukaemia, NOS 

Myeloid sarcoma 

Myeloid proliferations associated with 
Down syndrome 



Acute myeloid leukaemia with 
genetic abnormalities 

recurrent Porwit A. 

Brunning R.D. Thiele J. 

Le Beau M.M. Foucar K. 

Falini B. Dbhner H, 

Vardiman J.W. Bloomfield C.D 

Introduction 

Acute myeloid leukaemia with balanced 
translocations/inversions 
The recurrent genetic abnormalities in 

acute myeloid leukaemia (AML) are as¬ 

sociated with distinctive clinicopatho- 

logical features and have prognostic 

significance. Those most commonly 

identified are balanced abnormalities: 

t(8;21)(q22;q22.1), inv(16)(p13.1q22) or 

t(16;16)(p13.1;q22), t(15;17)(q24.1;q21,2), 

and t(9;11)(p21.3;q23.3) (511,1236,1465, 

1466,3701). Most of these structural 

chromosomal rearrangements create a 

fusion gene encoding a chimerlo protein 

that Is required, but usually not sufficient, 

for leukaemogenesis (3746). Many of 

these disease groups have characteristio 

morphological and immunophenotypic 

features (126). Many other balanced 

translocations and inversions also recur 

in AML, but are uncommon. Several of 

these occur more commonly in paedi¬ 

atric patients, and are summarized in 

Table 8.01. 
AML with t(8;21)(q22;q22.1), AML with 

inv(16)(p13.1q22) or t(16;16)(p13.1;q22), 

and acute promyelocytic leukaemia 

with PML-RARA are considered to be 

acute leukaemias without regard to blast 

cell count. It is controversial whether all 

cases with t(9;11)(p21.3;q23.3), t(6;9) 

(p23;q34.1), inv(3)(q21.3q26.2), t(3;3) 

(q21.3;q26.2), or t(1;22)(p13.3;q13.1) as 

well as AML with the BCR-ABL1 fusion 

should be categorized as AML when the 

blast oell count is < 20%. Therapy-related 

myeloid neoplasms may also have the 

balanoed translocations and inversions 

described in this section, but these 

should be diagnosed as therapy-related 

myeloid neoplasms, with the associated 

genetic abnormality noted. 

Acute myeloid leukaemia with 
gene mutations 
It is now understood that, in addition to 

translocations and inversions, gene mu¬ 

tations are also common in AML (9,545, 

1074,3095,3651). The Cancer Genome 

Atlas (TCGA) Research Network evalua¬ 

tion of 200 AML cases found an average 

of 13 mutations per case of AML, with 

at least 23 recurrent mutations identi¬ 

fied (545). These discoveries and others 

have identified at least eight distinct cat¬ 

egories of mutations in AML, which are 

discussed in more detail in Chapter 1 

{Introduction and overview of the classi¬ 
fication of the myeloid neoplasms, p. 15). 

The current WHO classification recog¬ 

nizes AML with mutated NPM1 and 

AML with biallelic mutation of CEBPA as 

specific AML classification categories 

(entities), and AML with mutated RUNX1 
as a provisional entity. However, many 

other mutations also occur in AML, and 

some that have prognostic significance, 

such as FLT3 internal tandem duplication 

{FLT3-\JD) and KIT mutations, may be 

mutated in specific AML types. 

Next-generation sequencing panels 

are now available to screen for a large 

number of mutations in AML. Table 8.02 

(p. 146) summarizes the more common 

gene mutations in AML. It is beyond the 

scope of this classification to discuss 

each prognostically significant mutation 

in AML individually, and the significance 

of some mutations is still unclear. Some 

combinations of gene mutations (e.g. 

NPM1 mutation and FLT3-\JD in normal- 

karyotype AML) appear to cluster within 

certain disease categories (9,545); the 

prognostic significance of these muta¬ 

tions and combinations of mutations is 

discussed within the various sections 

throughout this volume. 

Acute myeloid leukaemia 
with t(8;21)(q22;q22.1); 
RUNX1-RUNX1T1 

Definition 
Acute myeloid leukaemia (AML) with 

t(8i21)(q22iq22.1) resulting in RUNX1- 
RUNX1T1 is an AML showing predomi¬ 

nantly neutrophilic maturation. The bone 

marrow and peripheral blood show large 

myeloblasts with abundant basophilic 

cytoplasm, often containing azurophilic 

granules. This type of AML is associated 

with a high rate of complete remission 

and favourable long-term outcome. 

ICD-0 code 9896/3 

Synonyms 
Acute myeloid leukaemia, t(8;21) 

(q22;q22); acute myeloid leukaemia, 

AML1(CBF-alpha)/ETO] acute mye¬ 

loid leukaemia with t(8;21)(q22;q22), 

RUNX1-RUNX1T1 

Epidemiology 
The t(8;21)(q22;q22.1) is found in 1-5% 

of cases of AML, usually in younger pa¬ 

tients and in cases with features of AML 

with granulocytic maturation, 

Clinical features 
Tumour manifestations, such as myeloid 

sarcoma, may be present at presenta¬ 

tion. In such cases the initial bone mar¬ 

row aspiration may show a low number 

of blast cells. 

Microscopy 
The common morphological features in¬ 

clude the presence of large blasts with 

abundant basophilic cytoplasm, often 

containing numerous azurophilic gran¬ 

ules and perinuclear clearing (hofs). In 

many cases, a few blasts show very large 

granules (pseudo-Chediak-Higashi gran¬ 

ules), suggesting abnormal fusion. Auer 

rods are frequently found and appear as 

a single long and sharp rod with tapered 

ends; they may be detected in mature 

neutrophils. In addition to the large blast 

cells, some smaller blasts, predominant¬ 

ly in the peripheral blood, may be found. 

Promyelocytes, myelocytes, and mature 

neutrophils with variable dysplasia are 

present in the bone marrow. These ceils 

may show abnormal nuclear segmenta¬ 

tion (e.g. pseudo-Pelger-Huet nuclei) 

and/or cytoplasmic staining abnormali¬ 

ties, including homogeneous pink cyto¬ 

plasm in neutrophils. However, dysplasia 

of other cell lines is uncommon; erythro- 

blasts and megakaryocytes usually have 

normal morphology. A monocytic compo¬ 

nent is usually minimal or absent. Eosino- 
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Table 8.01 Chromosomal translocations with higher prevalence in paediatric acute myeloid leukaemia than in adult cases 

Chromosomal translocations 

Translocation Gene fusions Frequency in Age group predilection Comments and References 
children and adults, 

respectively 
Prognosis 

t(1;22)(p13.3;q13.1) RBM15-MKL1 0.8% Infants Acute megakaryoblastic {2422,2637} 

0% leukaemia (FAB M7) 

Intermediate 

t(7;12)(q36.3;p13.2) MNX1-ETV6 0.8% Infants Gain of chromosome 19 {364A,1559,1641A, 

<0.5% considered secondary 

abnormality 

4208A} 

Adverse 

t(8;16)(p11.2;p13.3) KAT6A-CREBBP 0.5% Infants and children Can spontaneously {776A} 

<0.5% remit in infancy 

Intermediate prognosis in 

later childhood 

t(6;9)(p23;q34.1) DEK-NUP214 1.7% Older children; Adverse {3502A,3905} 

1% rare in infants 65% with FLT3-\JD 

11q23.3 KMT2A 25% Infants (50%) Prognosis dependent on the {1177A,2104A} 

translocated 5-10% partner gene 

t(9;11)(p21.3;q23.3) KMT2A-MLLT3 9.5% Children Intermediate {239C} 

2% 

t(10;11)(p12;q23.3) KMT2A-MLLT10 3.5% Children Includes subtle and cryptic {239C} 

1% KMT2A rearrangements 

Adverse 

t(6;11)(q27;q23.3) KMT2A-AFDN 2% Children Adverse {239C} 

<0.5% 

t(1;11)(q21;q23.3) KMT2A-MLLT11 1% Children Favourable (239C} 

<0.5% 

Cryptic chromosomal translocations 

t(5;11)(q35.3;p15.5) NUP98-NSD1 7% Older children and Adverse {908A,1668A,3002A} 

3% young adults 80% with FLT3-\JD 

(16% of In combination associated 
FLT3-\JD cases) with induction failure 

inv(16)(p13.3q24.3) CBFA2T3-GLIS2 3% Infants (10%) Adverse {1477A,2538A,3585A} 

0% FAB M7 (20%) 

t(11;12)(p15.5;p13.5) NUP98-KDM5A 3% Children aged <5 years Intermediate {908A,3905A} 

0% AML, NOS, 

acute megakaryoblastic 

leukaemia (10%) 

FAB, French-American-British classification; FITS-ITD, FLT3 internal tandem duplication. 

Data tabulated by Betsy Hirsch, Susana Raimondi, Soheil Meschinchi, Nyla Heerema and Andrew J. Carroll, 

phil precursors are frequently increased, 

but they do not exhibit the cytological 

or cytochemical abnormalities charac¬ 

teristic of AML with inv(16)(p13.1q22) 

or t(16;16)(p13.1;q22); basophils and/or 

mast ceils are sometimes present in ex¬ 

cess. Concurrent systemic mastocytosis 

is reported in some cases; mast cell infil¬ 

trates may be masked by the acute leu¬ 

kaemia infiltration of the bone marrow at 

diagnosis {1868}. Rare cases with a bone 

marrow blast percentage <20% occur; 

these should be classified as AML rather 

than myelodysplastic syndrome. 

Immunophenotype 
Most cases of AML with t(8;21) display 

a characteristic immunophenotype, with 

a subpopulation of blast cells showing 

high-intensity expression of CD34, HLA- 

DR, MPO, and CD13, but relatively weak 

expression of CD33 (2002,3224). There 
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Fig. 8.01 Acute myeloid leukaemia with t(8;21) 

(q22;q22.1). Bone marrow blasts showing abundant 

granular cytoplasm with perinuclear clearing and large 

orange-pink granules/globuies in some blasts. 

are usually signs of neutrophilic differen¬ 

tiation, with subpopulations of cells show¬ 

ing neutrophilic maturation demonstrated 

by CD15 and/or CD65 expression. Pop¬ 

ulations of blasts showing maturation 

asynchrony (e.g. coexpressing CD34 

and CD15) are sometimes present. 

These leukaemias frequently express the 

lymphoid markers CD19 and PAX5, and 

may express cytoplasmic CD79a {1738, 

2034,3996). In t(8;21) AML, PAX5 is not 

directly activated by RUNX1-RUNX1T1, 

but expression requires constitutive 

MARK signalling {3322}, Some cases 

are TdT-positive, but TdT expression is 

generally weak. CD56 is expressed in a 

fraction of cases and may have adverse 

prognostic significance {221,1777). The 

adverse prognostic significance of CD56 

may be due to higher CD56 expression in 

cases with KIT mutations {894). 

Postulated normal counterpart 
A haematopoietic progenitor cell with the 

potential to differentiate along granulo¬ 

cytic and monocytic lineages 

Genetic profile 
The genes for both heterodimeric com¬ 

ponents of core-binding factor (CBF), 

RUNX1 (also called AMU and CBFA) 
and CBFB, are involved in rearrange¬ 

ments associated with acute leukaemias 

{3746). The t(8;21)(q22;q22.1) involves 

RUNX1, which encodes the alpha subunit 

of CBF, and RUNX1T1 (ETO) {1032,2321, 

3149), The RUNX1-RUNX1T1 fusion tran¬ 

script is consistently detected in patients 

with t(8;21)(q22;q22.1) AML. The CBF 

transcription factor is essential for hae- 

matopoiesis; transformation by RUNX1- 
RUNX1T1 likely results from transcrip¬ 

tional repression of normal RUNX1 target 

genes via aberrant recruitment of nuclear 

transcriptional co-repressor complexes. 

Fig. 8.02 Myeloid sarcoma with t(8;21)(q22;q22.1). 

Biopsy of an orbital mass from a child with acute myeloid 

leukaemia with t(8;21)(q22;q22.1); eosinophil precursors 

are scattered within the predominant blast population. 

More than 70% of cases show additional 

chromosome abnormalities, such as loss 

of a sex chromosome or dei(9q) with loss 

of 9q22. KIT mutations occur in 20-30% 

of cases {3078). Secondary cooperating 

mutations of KRAS or NRAS are com¬ 

mon, occurring in 30% of paediatric and 

10-20% of adult CBF-associated leu¬ 

kaemias {1392,3077). ASXL1 mutations 

occur in approximately 10% of patients, 

mostly adults; ASXL2 mutations occur in 

20-25% of patients of all ages {2657}, 

Prognosis and predictive factors 
AML with t(8;21)(q22;q22.1) is usually 

associated with a high rate of complete 

remission and long-term disease-free 

survival when treated with intensive con¬ 

solidation therapy (e.g. high-dose cytara- 

bine) {393,1466). Some factors appear to 

adversely affect prognosis, including the 

presence of KIT mutations in adults and 

CD56 expression {221,3078), Therapeu¬ 

tic trials investigating mutant KIT in this 

AML type are under way. 

Acute myeloid leukaemia with 
inv( 16)(p 13.1q22) or t( 16; 16) 
(p 13.1;q22); CBFB-MYH11 

Definition 
Acute myeloid leukaemia (AML) with 

inv(16)(p13.1q22) or t(16;16)(p13.1;q22) 

resulting in CBFB-MYFUI is an AML that 

usually shows monocytic and granulo¬ 

cytic differentiation and characteristically 

an abnormal eosinophil component in 

the bone marrow {2236,2513,3746). 

ICD-0 code 9871/3 

Synonyms 
Acute myeloid leukaemia, t(16;16) 

(p13;q11); acute myeloid leukaemia. 

CBF-beta/MYHU] acute myelomonocyt- j 

ic leukaemia with abnormal eosinophils; i 

French-American-British (FAB) classifi- 

cation M4Eo; acute myeloid leukaemia, f 

inv(16)(p13;q22) i 

Epidemiology f 
Either inv(16)(p13.1q22) or t(16;16) j 
(p13,1;q22) is found in 5-8% of younger | 

patients with AML; the frequency is lower i 

in older adults, 1 

f 
Clinical features \ 
Myeloid sarcoma may be present at 

initial diagnosis or at relapse and may ; 

constitute the only evidence of relapse . 

in some patients. The white blood cell , 

count at diagnosis is significantly higher ! 

in AML with inv(16)(p13.1q22) or t(16;16) t 

(p13.1;q22) than in cases with t(8;21) I 

(q22;q22,1) {2502,3559). [ 

Microscopy 
In AML with inv(16)(p13.1q22) or t(16;16) i 

(p13,1;q22), in addition to the usual 

morphological features of acute myelo- fj 

monocytic leukaemia, the bone marrow | 

shows a variable number of eosinophils ; 

(usually increased, but sometimes <5%) |i 

at all stages of maturation, without sig- [ 
nificant maturation arrest. The most strik- ( 

ing abnormalities involve the immature ' 

eosinophilic granules, mainly evident 

at the late promyelocyte and myelocyte 'i 

stages. The abnormalities are usually ; 

not present at later stages of eosinophil 

maturation. The eosinophilic granules are || 

often larger than those normally present | 

in immature eosinophils, are purple-violet i; 

In colour, and in some cells are so dense I' 
that they obscure the cell morphology. { 

The mature eosinophils occasionally i| 

show nuclear hyposegmentation, Auer ; 

rods may be observed in myeloblasts. 

Neutrophils in the bone marrow are usu- |- 

ally sparse, with a decreased number of | 

Fig. 8.03 Acute myeloid leukaemia with inv(16) | 

(p13.1q22). Abnormal eosinophils, one with large baso- I 
philic coloured granules, are present. | 
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Fig. 8.04 Acute myeloid leukaemia with inv(16)(p13,1q22). A The inversion results from the breakage and rejoining of bands 16p13.1 and 16q22; G-banded normal chro¬ 

mosome 16 (nl) and inv(16) are shown, B Dual-colour FISH, with the 5' region of CBFB labelled in red and the 3' region in green; in a normal chromosome 16, the 5' and 

3' regions are contiguous, resulting in a single yellow or overlapping red/green signals; the inv(16) splits the CBFB locus, resulting in separate red and green signals; both inter¬ 

phase cells have one normal chromosome 16 and one inv(16). 

mature neutrophils. The peripheral blood 

is not different from that in other cases 

of acute myelomonocytic leukaemia; eo¬ 

sinophils are not usually increased, but 

an occasional case has been reported 

with abnormal and increased eosinophils 

in the peripheral blood. Most cases with 

inv(16)(p13.1q22) have abnormal eosino¬ 

phils, but in some cases they are rare 

and difficult to find. Occasional cases 

with this genetic abnormality lack eosino- 

philia, show only granulocytic matura¬ 

tion without a monocytic component, or 

show only monocytic differentiation. In 

some cases, the blast percentage is at 

the 20% threshold or occasionally lower. 

Cases with inv(16)(p13,1q22) or t(16;16) 

(p13.1;q22) and <20% bone marrow 

blasts should be diagnosed as AML, 

Cytochemistry 
The naphthol AS-D chloroacetate ester¬ 

ase (CAE) reaction, which is normally 

negative in eosinophils, is characteristi¬ 

cally faintly positive in the abnormal eosin¬ 

ophils, Such a reaction is not seen in eo¬ 

sinophils of AML with t(8;21)(q22;q22.1). 

At least 3% of the blasts show MPO re¬ 

activity. The monoblasts and promono¬ 

cytes usually show non-speoific esterase 

reactivity, although it may be weaker than 

expected or even absent in some cases, 

Immunophenotype 
Most of these leukaemias are charao- 

terized by a complex immunopheno¬ 

type, with the presence of multiple blast 

populations; immature blasts with high 

CD34 and KIT (CD117) expression and 

populations differentiating towards the 

granulocytic lineage (positive for CD13, 

CD33, CD15, CD65, and MPO) and the 

monooytic lineage (positive for CD14, 

CD4, CDIIb, CD11c, CD64, CD36, and 

lysozyme). Maturation asynchrony is 

often seen. Coexpression of CD2 with 

myeloid markers has been frequently 

documented, but it is not specific for this 

diagnosis. 

Postulated normal counterpart 
A haematopoietic progenitor cell with the 

potential to differentiate along granulo¬ 

cytic and monocytic lineages 

Genetic profile 
The inv(16)(p13,1q22) found in the vast 

majority of this subtype and the less 

common t(16;16)(p13,1;q22) both result 

in the fusion of CBFB at 16q22 to MYH11 
at 16p13.1 (3650). MYH11 codes for a 

smooth muscle myosin heavy chain {871}. 

CBFB codes for the beta subunit of core¬ 

binding factor (CBFB), a heterodimeric 

transcription factor known to bind the en¬ 

hancers of the T-cell receptor, cytokine 

genes, and other genes. The CBFB subu¬ 

nit heterodimerizes with RUNXI {CBFA2), 
the gene product of RUNX1, which is one 

of the genes involved in AML with t(8;21) 

(q22;q22.1). Occasionally, cytological 

features of AML with abnormal eosino¬ 

phils may be present without karyotypic 

evidence of a chromosome 16 abnor¬ 

mality, but with CBFB-MYFI11 neverthe¬ 

less demonstrated by molecular genetic 

studies (2775,3432). By conventional 

cytogenetic analysis, inv(16)(p13.1q22) 

is a subtle rearrangement that may be 

overlooked when metaphase prepara¬ 

tions are suboptimal. Therefore FISH and 

RT-PCR methods may be necessary at 

diagnosis to document the genetic al¬ 

teration. Secondary cytogenetic abnor¬ 

malities oocur in approximately 40% of 

cases, with gains of chromosomes 22 

and 8 (each occurring in 10-15% of cas¬ 

es), del(7q), and gain of chromosome 21 

(in ~5% of cases) most commonly ob¬ 

served (2502), Trisomy 22 is fairly spe¬ 

cific for inv(16)(p13.1q22) cases, being 

rarely detected with other primary aber¬ 

rations in AML, whereas gain of chromo¬ 

some 8 is commonly seen in patients with 

other primary aberrations. Rare cases 

of AML and chronic myeloid leukaemia 

with both inv(16)(p13.1q22) and t(9;22) 

(q34.1;q11.2) have been reported, and 

this finding in chronio myeloid leukaemia 

is usually associated with the accelerat¬ 

ed or blast phase of the disease (4379). 

Secondary gene mutations are very com¬ 

mon in this AML type; present in > 90% of 

cases. Mutations of KIT (most commonly 

in exons 8 and 17) occur in 30-40% of 

cases (3078). Mutations of NBAS (in 45% 

of cases), KRAS (in 13%), and FLT3 (in 

14%) have also been reported (3076). 

ASXL2 mutations, although common in 

AML with t(8;21), are uncommon in AML 

with inv(16) ort(16;16) (2657). 

Prognosis and predictive factors 
Like AML with t(8;21)(q22;q22.1), 

AML with inv(16)(p13.1q22) or t(16;16) 

(p13.1;q22) is associated with a high rate 

of complete remission and favourable 

overall survival when treated with inten¬ 

sive consolidation therapy (e.g. high- 

dose cytarabine) (1466,2772). 
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Adult patients with KIT mutations (in par¬ 

ticular mutations involving exon 8) have a 

higher risk of relapse and worse survival 

(935,3078), but the prognostic implica¬ 

tions of KIT mutation in AML with inv(16) 

or t(16;16) do not appear to be as signifi¬ 

cant as in AML with t(8;21). Patients with 

gain of chromosome 22 as a secondary 

abnormality have been reported to have 

an improved outcome (2502,3559). Old¬ 

er age, elevated white blood cell count, 

FLT3 mutations (especially tyrosine ki¬ 

nase domain mutation, FLT3-JKD), and 

trisomy 8 are associated with a worse 

outcome (3076,3077). Clinical therapeu¬ 

tic trials investigating mutant KIT and 

FLT3 in this AML type are under way. 

Acute promyelocytic leukaemia 
with PML-RARA 

Definition 
Acute promyelocytic leukaemia (APL) 

with PML-RARA is an acute myeloid leu¬ 

kaemia (AML) in which abnormal promye¬ 

locytes predominate. Both hypergranular 

(so-called typical) APL and microgranu- 

lar (hypogranular) types exist. 

ICD-0 code 9866/3 

Synonyms 
Acute promyelocytic leukaemia, t(15;17) 

(q22;q11-12), PML-RARA', acute myeloid 

leukaemia, t(15;17)(g22;q11-12), PML- 
RARA', acute promyelocytic leukaemia, 

NOS; French-American-British (FAB) 

classification M3; acute myeloid leukae¬ 

mia, PML/RAR-alpha', acute promyelo¬ 

cytic leukaemia, PML-RAR-alpha 

Epidemiology 
APL accounts for 5-8% of AML cases 

in younger patients, with a lower relative 

frequency in elderly patients (3766). The 

disease can occur at any age, but most 

patients are middle-aged adults. The 

annual incidence rate is 0.08 cases per 

100 000 population (3113). 

Clinical features 
Both hypergranular and microgranular 

APL are frequently associated with dis¬ 

seminated intravascular coagulation and 

increased fibrinolysis (454,3519). Co¬ 

agulopathy is associated with significant 

early death rates in APL patients (3282). 

In microgranular APL, unlike hypergranu¬ 

lar APL, the leukocyte count is very high, 

with a short doubling time. 

Microscopy 
The nuclear size and shape in the ab¬ 

normal promyelocytes of hypergranular 

APL are irregular and greatly variable; 

the abnormal promyelocyte nuclei are 

often kidney-shaped or bilobed. The cy¬ 

toplasm is marked by densely packed or 

even coalescent large granules, staining 

bright pink, red, or purple on Romanow- 

sky staining. The cytoplasmic granules 

may be so large and/or numerous that 

they totally obscure the nuclear-cyto¬ 

plasmic margin. In some cells, the cyto¬ 

plasm is filled with fine dust-like granules. 

Characteristic cells containing bundles of 
Auer rods randomly distributed within the 

cytoplasm are present in most cases. My¬ 

eloblasts with single Auer rods may also 

be observed. Auer rods in hypergranu¬ 

lar APL are usually larger than those in 

other types of AML, and they may have 

a characteristic morphology at the ultras- 

tructural level, with a hexagonal arrange¬ 

ment of tubular structures with a specific 

periodicity of approximately 250 nm, in 

contrast to the 6-20 laminar periodicity 

of Auer rods in other types of AML. Only 

occasional obvious leukaemic promyelo¬ 

cytes may be observed in the peripheral 

blood, especially in hypergranular APL, 

in which the white blood cell count is of¬ 

ten very low. 

Cases of microgranular (hypogranular) 

APL are characterized by distinct mor¬ 

phological features such as an appar¬ 

ent paucity or absence of granules, and 

predominantly bilobed nuclei (1397). 

The hypogranular appearance of the 

cytoplasm is due to the submicroscop- 

ic size of the azurophilic granules. This 

may cause confusion with acute mono¬ 

cytic leukaemia on Romanowsky-stained 

preparations; however, a small number of 

abnormal promyelocytes with clearly vis¬ 

ible granules and/or bundles of Auer rods 

can be identified in many cases. The leu¬ 

kocyte count is frequently markedly ele¬ 

vated in the microgranular variant of APL, 

with numerous abnormal microgranular 

promyelocytes, in contrast to hypergran¬ 

ular APL, Abnormal promyelocytes with 

deeply basophilic cytoplasm have been 

described mainly in the relapse phase 

in patients who have been previously 

treated with tretinoin. The bone marrow 

is usually hypercellular. The abnormal 

promyelocytes have relatively abundant 

cytoplasm with numerous granules; oc¬ 

casionally, Auer rods may be identified in 

well-prepared specimens. The nuclei are 

often convoluted. 

Cytochemistry 
The MPO reaction is always strongly 

positive in all the leukaemic promyelo¬ 

cytes, with the reaction product cover¬ 

ing the entire cytoplasm and often the 

nucleus. The non-specific esterase reac¬ 

tion is weakly positive in approximately 

25% of cases. In cases of microgranular 

(hypogranular) APL, the MPO reaction is 

strongly positive in the leukaemic cells, 

contrasting with the weak or negative re¬ 

action in monocytes. 

Immunophenotype 
APL with PML-RARA (hypergranular 

variant) is characterized by low or absent 

expression of FILA-DR, CD34, and the 

leukocyte integrins CDIIa, CDIIb, and 

CD18, It shows homogeneous bright 

expression of CD33 and heterogeneous 

expression of CD13. Most cases show 

expression of KIT (CD117), although this 

is sometimes weak. The granulocytic dif- 

Fig. 8.05 Acute promyelocytic leukaemia. A Hypergranular type; in bone marrow smear, there are several abnormal 

promyelocytes, with intense azurophilic granulation; bundles of numerous Auer rods are seen in some of the 

promyelocytes. B Microgranular variant; in peripheral blood smear, there are several abnormal promyelocytes with 

lobed, almost cerebriform nuclei; the cytoplasm contains numerous small azurophilic granules; other cells appear 
sparsely granular. 
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Fig. 8.06 Acute promyelocytic leukaemia. Bone marrow 

biopsy shows abnormai promyelocytes with abundant 

hypergranulated cytoplasm; the nuclei are generally round 

to oval; several of the nuclei are Irregular and Invaglnated. 

ferentiation markers CD15 and CD65 are 

negative or only weakly expressed {3028, 

4490), and CD64 expression is common. 

In cases with microgranular morphology 

or the bcr3 transoript of the PML-RARA fu¬ 

sion gene, there is frequently expression 

of CD34 and CD2 by at least some cells 

(1123). CD11c can also be expressed in 

some oells. CD2 expression in APL has 

been associated with FLT3-\JD {3881}. 

Expression of CDIIb and CDIIc can 

be upregulated after tretinoin treatment 

{1687). Approximately 10% of APL oases 

express CD56, which has been associ¬ 

ated with a worse outoome {451,2704}. 

On immunocytochemistry, antibodies 

against the PML gene product show a 

characteristic nuclear multigranular pat¬ 

tern with nucleolar exolusion, in contrast 

to the speckled, relatively large nuclear 

bodies seen in normal promyelocytes or 

the blasts in other types of AML (1142). 

Postulated normal counterpart 
A myeloid progenitor cell with the poten- 

Fig. 8.07 Acute promyelocytic leukaemia. PML antibody 

shows a characteristic nuclear multigranular pattern with 

nucleolar exclusion. 

tial to differentiate along a granulocytic 

lineage 

Genetic profile 
The sensitivity of APL oells to tretinoin 

(also called all-trans retinoic acid) has 

led to the discovery that the RARA gene 

on 17q21.2 fuses with a nuclear regula¬ 

tory factor gene on 15q24.1 (PML), giving 

rise to a PML-RARA fusion gene produot 

{871,911,2618). Rare cases of APL lack¬ 

ing the classic t(15;17)(q24.1;q21.2) on 

routine cytogenetic studies have been 

described with complex variant trans¬ 

locations involving chromosomes 15 

and 17, with an additional chromosome 

or with submicroscopic insertion of 

RARA into PML leading to the expres¬ 

sion of the PML-RARA transcript; the 

cases with submicroscopic insertion of 

RARA into PML are considered to have 

cryptic or masked t(15;17)(q24.1;q21.2) 

and are included in the category of AML/ 

APL with PML-RARA. Morphological 

analysis shows no differences between 

the t(15;17)(q24.1;q21.2)-positive group 

and PML-RARA-posltlve cases without 

t(15;17)(q24.1;q21.2). Secondary cytoge¬ 

netic abnormalities are noted in about 

40% of cases, with gain of chromo¬ 

some 8 being the most frequent (present 

in 10-15% of cases). Mutations involving 

FLT3, including FLT3-\JD and FLT3tyros¬ 

ine kinase domain {FLT3-JKD) mutation, 

occur in 30-40% of APL. FLT3-\JD muta¬ 

tions are most common and are associ¬ 

ated with a higher white blood cell count, 

microgranular morphology, and involve¬ 

ment of the ber3 breakpoint of PML {451, 

529). 

Variant RARA translocations in 
acute leukaemia 
A subset of cases, often with morpho- 

logioal features resembling those of APL, 

show variant translooations involving 

RARA. The variant fusion partners in¬ 

clude ZBTB16 (previously called PLZF) 
at 11q23.2, NUMA1 at 11q13.4, NPM1 at 

5q35.1, and STATSB at 17q21.2 {4464). 

Some cases with variant translocations 

were initially reported as having APL 

morphology {3482}. However, the sub¬ 

group of cases with t(11;17)(q23.2;q21.2) 

resulting in ZBTB16-RARA shows some 

morphologioal differences, with a pre¬ 

dominance of cells with regular nuclei, 

many granules, usually an absence of 

Auer rods, an increased number of pel- 

geroid neutrophils, and strong MPO ac¬ 

tivity {3482). The initial cases of APL as¬ 

sociated with t(5;17)(q35.1;q21.2) had a 

predominant population of hypergranuiar 

promyelooytes and a minor population of 

hypogranular promyelocytes; Auer rods 

Red = P/WL locus (15q22) 
Green = PARA locus (17q12) 
Red/Green = PMURARA fusion (Yellow) 

•' • tiJ; 

Fig. 8.08 Acute promyelocytic leukaemia with t(15;17)(q24.1;q21.2). A The translocation results from the breakage and rejoining of bands 15q22 and 17q12; G-banded normal 

(nl) chromosomes 15 and 17 and the derivatives der(15) and der(17) are shown. B Dual-colour FISH with probes for PML (15q22) and RARA (17q12) demonstrates the presence 

ot a PML-RARA fusion resulting from the 15;17 translocation; each of the three interphase cells has a separate red [PML) signal, a separate green (RARA) signal, and a yellower 

overlapping red/green signal, consistent with the presence of PML-RARA fusion. 
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were not identified by light microscopy 

{812). Some APL variants, including those 

with ZBTB16-RARA and STAT5B-RARA 
fusions, are resistant to tretinoin {2618}, 

APL with t(5;17)(q35.1;q21.2) appears to 

respond to tretinoin {2618}. Cases with 

these variant translooations should be 

diagnosed as APL with a variant RARA 
translocation. 

Prognosis and predictive factors 
APL has a particular sensitivity to treat¬ 

ment with tretinoin and arsenic trioxide, 

which act as differentiating agents {574, 

3641,3885}. The prognosis for APL treat¬ 

ed optimally with tretinoin and an anthra- 

cycline was more favourable than that 

for any other AML cytogenetic subtype. 

More recently, however, the combination 

of tretinoin and arsenic trioxide therapy 

has become the standard therapeutic 

approach for most patients with an excel¬ 

lent outcome, with anthracycline added 

for high-risk patients {505,1116,2376}. 

Previously reported adverse prognostic 

factors include hyperleukocytosis, CD56 

expression, FLT3-ITD mutation, and old¬ 

er patient age {451,879,2704,3113}, but 

the significance of these features with 

current therapy is unclear. 

Acute myeloid leukaemia with 
t(9;11)(p21.3;q23.3); 
KMT2A-MLLT3 

Definition 
Acute myeloid leukaemia (AML) with 

t(9;11)(p21.3;q23,3) resulting in KMT2A- 
MLLT3 fusion is usually associated with 

monocytic features. 

ICD-0 code 9897/3 

Synonym 
Acute myeloid leukaemia with t(9;11) 

(p22;q23) resulting in KMT2A-MLLT3 

Epidemiology 
The t(9;11)(p21.3;q23.3) can occur at any 

age, but is more common in children; it is 

present in 9-12% of paediatric and 2% of 

adult AML cases {511,1236}, 

Clinical features 
Patients may present with disseminated 

intravascular coagulation. They may have 

extramedullary myeloid sarcoma and/or 

tissue infiltration (gingiva, skin). 

Fig. 8.09 Acute myeloid leukaemia (monoblastic) with t(9;11)(p21,3;q23.3). A Bone marrow smear shows 

several monoblasts, some with very abundant cytoplasm; fine MPO-negative azurophilic granules are present. 

B Non-specific esterase reaction shows intensely positive monoblasts. 

Fig. 8.10 Acute myeloid leukaemia (monocytic) with t(9;11)(p21.3;q23.3). A Bone marrow smear shows several ;{ 

monoblasts and promonocytes with very pale cytoplasm containing numerous fine azurophilic granules; the promonocytes | 
have delicate nuclear folds. B Non-specific esterase staining shows that the promonocytes are intensely reactive. i 

Microscopy 
Cytochemistry 
Monoblasts and promonocytes usually 

show strongly positive non-specific es¬ 

terase reactions. The monoblasts often 

lack MPO reactivity. 

Immunophenotype 
Cases of AML with t(9;11)(p21.3;q23.3) 

in children are associated with strong ex¬ 

pression of CD33, CD65, CD4, and HLA- 

DR, whereas expression of CD13, CD34, 

and CD14 is usually low {837}. Most AML 

cases with 11q23.3 abnormalities ex¬ 

press the NG2 homologue encoded by 

CSPG4, a chondroitin sulfate molecule 

reacting with the anti-7.1 monoclonal anti¬ 

body {4380}. Most adult AML cases with 

11q23.3 abnormalities express some 

markers of monocytic differentiation, 

including CD14, CD4, CDIIb, CDIIc, 

CD64, CD36, and lysozyme, whereas 

variable expression of markers of imma¬ 

turity, such as CD34, KIT (CD117), and 

CD56 has been reported {2783}. 

Postulated normal counterpart 
A haematopoietic progenitor cell of prob¬ 

able haematopoietic stem cell or granu¬ 

locyte-macrophage progenitor origin 

{2120} 

Genetic profile ’ 
Molecular studies have identified a hu- i 

man homologue of the Drosophila tritho- i 

rax gene designated KMT2A (previously | 

called MLL and HRX) that results in a ] 

fusion gene in translocations involving | 

11q23.3 {203}. The KMT2A protein is a | 

histone methyltransferase that assembles i 

in protein complexes that regulate gene 

transcription via chromatin remodelling. 

Thet(9;11)(p21,3;q23.3), involving MLLT3 
(AF9), is the most common KMT2A 
translocation in AML and appears to 

define a distinct entity. Secondary cyto¬ 

genetic abnormalities are common with 

t(9;11)(p21.3;q23.3), with gain of chro¬ 

mosome 8 most frequently observed 

(usually MECO/W-negative), but do not 

appear to influence survival {511,2773}. 

Overexpression of MECOM (also called 

EVI1) is reported in 40% of cases of AML 

with t(9;11) {1482}, There is evidence that 

MECOM-positive KMTEA-reananged 
AMLs differ genetically, molecularly, 

morphologically, and immunopheno- 

typically from /WECO/M-negative KMT2A- 
rearranged leukaemias {381,1482}. 
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Variant KMT2A translocations in 
acute leukaemia 
More than 120 different translocations 

involving KMT2A (previously called MLL) 
have been described in adult and paediat¬ 

ric acute leukaemia, with 79 translocation 

partner genes now characterized {2651, 

3653}. Translocations involving AFF1 
{MLLT2, AF4), resulting predominantly 

in lymphoblastic leukaemia, and MLLT3 
{AF9), resulting predominantly in AML, 

are the most common. Other KMT2A 
translocations that commonly result in 

AML have MLLT1 {ENL), MLLT10 {AFtO), 
AFDN {MLLT4, AF6), or ELL as partner 

genes. Other than the KMT2A-ELL fu¬ 

sion resulting from t(11;19)(q23.3ip13.1), 

which is strongly associated with AML, 

these fusions occur predominantly in 

AML but can also be seen in lympho- 

1 blastic leukaemia. Some KMT2A translo- 
i 

t cations in AML are subtle; FISH or other 

I molecular studies may be necessary 

! to identify these variant translocations 

; {3653}. MECOM overexpression is com- 

1 mon in this group of AMLs, with the high- 

! est expression associated with an AFDN 
I {MLLT4) translocation {1482}. AML cases 

5 with these fusions usually have myelo- 

monocytic or monoblastic morphological 

and immunophenotypic features. In the 

past, all of these translocations were en¬ 

compassed by the category of AML with 

1 11q23.3 abnormalities, but the diagnosis 

i should now include the specific abnor- 

! mality and should be limited to cases of 

! c/e novo AML and with 11q23.3 balanced 

! translocations involving KMT2A. For 

i example, a case of AML with KMT2A- 
MLLT1 fusion should be diagnosed as 

AML with t(11;19)(q23.3;p13.3). 

AML that is associated with prior therapy 

and has a KMT2A translocation, such 

as t(2;11)(p21;q23.3), should be clas¬ 

sified as therapy-related myeloid neo- 

i plasm with KMT2A rearrangement. Simi¬ 

larly, AML with myelodysplasia-related 

changes and a KMT2A translocation, 

such as t(11;16)(q23.3;p13.3), should be 

diagnosed as AML with myelodysplasia- 

related changes. 

Prognosis and predictive factors 
AML with t(9i11)(p21.3;q23.3) has an in¬ 

termediate survival, superior to that of 

AML with other 11q23.3 translocations 

i {2773,3448}. Overexpression of MECOM 
■ has been reported to be associated with 

a poor prognosis {1482}. Cases with 

t(9;11) and <20% blasts are not currently 

classified as AML (although this is con¬ 

troversial), but they may be treated as 

such if clinically appropriate. 

Acute myeloid leukaemia with 
t(6;9)(p23;q34.1); 
DEK-NUP214 

Definition 
Acute myeloid leukaemia (AML) with 

t(6;9)(p23;q34.1) resulting in DEK- 
NUF214 is an AML with >20% peripheral 

blood or bone marrow blasts with or with¬ 

out monocytic features. It is often asso¬ 

ciated with basophilia and multilineage 

dysplasia {3116,3700}. 

ICD-0 code 9865/3 

Epidemiology 
The t(6;9)(p23;q34.1) is detected in 

0.7-1.8% of AML cases, and occurs in 

both children and adults, with a median 

patient age of 13 years in childhood and 

35-44 years in studies of younger adults 

{511,1464,3700,3701,3905}. 

Clinical features 
AML with t(6;9)(p23;q34.1) usually pre¬ 

sents with anaemia and thrombocyto¬ 

penia, and often with pancytopenia. In 

adults, the presenting white blood cell 

count is generally lower than in other 

AML types, with a median white blood 

cell count of 12 x 10®/L {3700}. 

Microscopy 
The bone marrow blasts of AML with 

t(6;9)(p23;q34.1) may have morphologi¬ 

cal and cytochemical features similar to 

those of many subtypes of AML (other 

than acute promyelocytic leukaemia 

and acute megakaryoblastic leukaemia), 

most commonly AML with maturation and 

acute myelomonocytic leukaemia {76, 

3020,3700}. Auer rods are present in ap¬ 

proximately one third of cases. Therefore, 

there are no features specific to the blast 

cell population in this entity. Marrow and 

peripheral blood basophilia, defined as 

>2% basophils, is generally uncommon 

in AML, but is seen in 44-62% of cases 

of AML with t(6;9)(p23;q34.1). Most cas¬ 

es show evidence of granulocytic and 

erythroid dysplasia. Ring sideroblasts 

are present in some cases. 

Cytochemistry 
Blasts are positive for MPO and can 

Fig. 8.11 Acute myeloid leukaemia with t(6;9) 

(p23;q34.1). The blasts are admixed with dysplastic ery¬ 

throid precursors and scattered basophils (centre, right). 

be positive or negative for non-specific 

esterase. 

Immunophenotype 
The blasts have a non-specific myeloid 

immunophenotype, with consistent ex¬ 

pression of MPO, CD9, CD13, CD33, 

CD38, CD123. and HLA-DR {76,707, 

2191,3020,3700}, Most cases also ex¬ 

press KIT (CD117), CD34, and CD15; 

some cases express the monocyte-asso¬ 

ciated marker CD64; and approximately 

half are TdT-positive. Other lymphoid 

antigen expression is uncommon. Baso¬ 

phils can be seen as separate clusters 

of cells positive for CD123, CD33, and 

CD38 but negative for HLA-DR. 

Postulated normal counterpart 
A haematopoietic progenitor cell with 

multilineage potential 

Genetic profile 
The t(6;9)(p23;q34.1) results in a fusion 

of DEK on chromosome 6 with NUP214 
(also called CAN) on chromosome 9. The 

resulting nucleoporin fusion protein acts 

as an aberrant transcription factor and 

alters nuclear transport by binding to sol¬ 

uble transport factors {3544}, The t(6;9) 

is the sole clonal karyotypic abnormality 

in the vast majority of cases, but some 

patients have t(6i9)(p23;q34.1) in asso¬ 

ciation with a complex karyotype {3700}. 

FLT3-\JD mutations are very common 

in AML with t(6;9)(p23;q34.1), occurring 

in 69% of paediatric and 78% of adult 

cases (3020,3700,3905). FLT3-JKD mu¬ 

tation appears to be uncommon in this 

entity. 

Prognosis and predictive factors 
in both adults and children, AML with 

t(6;9)(p23;q34,1) has a generally poor 

prognosis. Elevated white blood cell 
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counts are most predictive of shorter 

overall survival, and increased bone mar¬ 

row blasts are assooiated with shorter 

disease-free survival. The limited data 

suggest that allogeneic haematopoietic 

stem cell transplantation may be assooi- 

ated with better overall survival versus no 

stem oell transplantation (3700). Despite 

the high frequency of FLT3-\JD, this ge¬ 

netic event does not appear to negatively 

impact survival in paediatric patients 

(3905). Cases with t(6i9)(p23;q34.1) and 

<20% blasts are not currently classified 

as AML (although this is controversial), 

but they may be treated as such if clini¬ 

cally appropriate. Given the very high fre¬ 

quency of FLT3-\JD, patients may benefit 

from therapy with FLT3 inhibitors, 

Acute myeloid leukaemia with 
inv(3)(q21.3q26.2) or 
t(3;3)(q21.3;q26.2); 
GATA2, MECOM 
Definition 
Acute myeloid leukaemia (AML) with 

inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2) 

resulting in deregulated MECOM (also 

called EVI1) and G/4T/A2 expression is an 

AML with >20% peripheral blood or bone 

marrow blasts. It is often associated with 

normal or elevated platelet counts and 

has increased dysplastic megakaryo¬ 

cytes with unilobed or bilobed nuclei and 

multilineage dysplasia in the bone mar¬ 
row (386,3608,3844). 

ICD-0 code 9869/3 

Epidemiology 
AML with inv(3)(q21,3q26.2) or t(3i3) 

(q21.3;q26.2) accounts for 1-2% of all 

AML {511,3701}. It occurs most common¬ 

ly in adults, with no sex predilection. 

Clinical features 
Patients most commonly present with 

anaemia and a normal platelet count, 

but marked thrombocythaemia occurs 

in 7-22% of cases {1462,3608}, Some 

patients present with hepatosplenomeg- 

aly, but lymphadenopathy is uncommon 

{3608,3644,3948}. 

Microscopy 
Peripheral blood changes may include 

hypogranular neutrophils with a pseudo- 

Pelger-Huet anomaly, with or without as¬ 

sociated peripheral blasts. Red blood cell 

abnormalities are usually mild, without 

teardrop cells. Giant and hypogranular 

platelets are common, and bare mega¬ 

karyocyte nuclei may be present {386}, 

The bone marrow blasts of AML with 

inv(3)(q21,3q26.2) or t(3;3)(q21,3;q26.2) 

have variable morphological and cyto- 

chemical features; the morphologies of 

AML without maturation, acute myelo- 

monocytic leukaemia, and acute mega- 

karyoblastic leukaemia are most common 

{1228,3608}. Multilineage dysplasia of 

non-blast bone marrow elements is a fre¬ 

quent finding, with dysplastic megakary¬ 

ocytes being most common {1228,1852, 

3608}. Megakaryooytes may be normal 

or increased in number with many small 

non-lobated or bilobed forms, but other 

dysplastic megakaryocytic forms may 

also ocour. Dysplasia of maturing eryth- 

roid cells and neutrophils is also com¬ 

mon. Marrow eosinophils, basophils, and/ 

or mast cells may be increased. The bone 

marrow biopsy shows increased small 

non-lobated or bilobed megakaryocytes 

and sometimes other dysplastic forms. 

Bone marrow cellularity is variable, with 

some cases presenting as hypocellular 

AML. Marrow fibrosis is also variable, 

Immunophenotype 
Flow cytometry studies show blasts that 

are positive for CD34, CD33, CD13, KIT 

(CD117), and HLA-DR; most are CD38- 

positive, with aberrant CD7 expression 

frequently observed {2606}. High CD34 

expression is more common with inv(3) 

than with t(3;3) {3323}. A subset of cas¬ 

es may express megakaryocytic markers 

such as CD41 and CD61, Aberrant ex¬ 

pression of lymphoid markers other than 

CD7 appears to be uncommon {3644}. 

Postulated normal counterpart 
A haematopoietic progenitor cell with 

multilineage potential 

Genetic profile 
A variety of abnormalities of the long 

arm of chromosome 3 occur in myeloid 

malignancies, with inv(3)(q21,3q26,2) 

and t(3;3)(q21.3;q26.2) being the most 

common {2410}. The abnormalities in¬ 

volve the oncogene MECOM at 3q26.2, 

The inv(3) or t(3;3) repositions a distal 

GATA2 enhancer to activate MECOM 
expression, and simultaneously confers 

GATA2 haploinsufficiency {1480,4413}. 

MECOM overexpression is not limited 

to leukaemias with inv(3)(q21.3q26,2) 

Fig. 8.12 Acute myeloid leukaemia with inv(3) 

(q21.3q26.2). Bone marrow aspirate shows increased 
blasts and atypical, non-lobated megakaryocytes. 

or t(3;3)(q21.3;q26,2) {2186}. Other cy¬ 

togenetic aberrations involving 3q26.2, 

such as t(3;21)(q26.2;q22.1), resulting 

in a MECOM-RUNX1 fusion and usually 

seen in therapy-relafed disease, are not ,| 

included in this disease category. 

Secondary karyotypic abnormalities are 

common with inv(3)(q21.3q26.2) and | 

t(3;3)(q21.3;q26.2); monosomy 7 is most | 

frequent, occurring in more than half ] 

of all cases, followed by 5q deletions 

and complex karyotypes {2410,3608}. 

Secondary gene mutations are found 

in virtually all cases of AML with inv(3) 

or t(3;3). Mutations of genes activating 

RAS/receptor tyrosine kinase signalling 

pathways are reported in 98% of cases, 

with the most common of these muta¬ 

tions affecting NRAS (mutated in 27% of j 

cases), PTPN11 (in 20%), FLT3 {\r\ 13%)), j 

KRAS (in 11%,), NF1 (in 9%o), CBL (in 7%), 
and KIT (in 2%o), Other commonly mutat¬ 

ed genes are G/4M2 (mutated in 15%o of 

cases), RUNX1 (in 12%,), and SE3B1 (in 

27%o, often with GATA2) (1481,2907), 

Patients with SC/T-ASL/-positive chronic 

myeloid leukaemia may acquire inv(3) 

(q21.3q26.2) or t(3;3)(q21.3;q26,2), and 

such a finding indicates an acceler¬ 

ated or blast phase of disease. Cases 

with both t(9;22)(q34.1;q11.2) and inv(3) 

(q21,3q26.2) or t(3;3)(q21.3;q26,2) at 

presentation are best considered an ag¬ 

gressive phase of chronic myeloid leukae¬ 

mia, rather than AML with inv(3) or t(3;3). 

Prognosis and predictive factors 
AML with inv(3)(q21.3q26.2) or t(3;3) 

(q21,3;q26,2) is an aggressive disease 

with short survival (1228,2410,3338, 

3392,3608}. The outcomes for patients 
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Fig. 8.13 Acute myeloid leukaemia (megakaryoblastic) with t(1;22)(p13.3;q13.1). A Bone marrow section from 

a 3.5-month-oid child shows extensive replacement of marrow by blast cells in areas arranged into clusters and 

aggregates surrounded by fibrotic stroma. B Bone marrow smear contains a heteromorphic population of blasts. 

C High magnification of the specimen shows blasts without differentiating features. 

with <20% or >20% blasts are similarly 

poor. Cases with inv(3)(q21.3q26.2) or 

t(3;3)(q21.3;q26.2) and <20% blasts are 

not currently classified as AML (although 

this is controversial), but they may be 

treated as such if clinically appropriate. 

Complex karyotype and additional mon¬ 

osomy 7, regardless of blast percentage, 

are associated with an even worse prog¬ 

nosis in this already poor-prognosis dis¬ 

ease {2410,3392}. 

Acute myeloid leukaemia 
(megakaryoblastic) with t( 1;22) 
(p13.3;q13.1); RBM15-MKL1 

Definition 
Acute myeloid leukaemia (AML) with 

t(1;22)(p13.3;q13,1) resulting in RBM15- 
MKL1 fusion is an AML generally showing 

maturation in the megakaryocyte lineage. 

ICD-Ocode 9911/3 

Epidemiology 
The t(1;22)(p13,3;q13.1) is an uncommon 

abnormality in AML, occurring in <1% 

of all cases. It occurs most commonly 

in infants without trisomy 21 (Down syn¬ 

drome), with a female predominance. 

Some cases are congenital (232), 

Clinical features 
Most of the balanced translocations and 

inversions discussed in this chapter are 

more common in adult AML than in pae¬ 

diatric cases. However, AML with t(1;22) 

(p13.3;q13,1) is a de novo AML restrict¬ 

ed to infants and young children (aged 

< 3 years), with most cases occurring in 

the first 6 months of life (median patient 

age: 4 months). The vast majority of cas¬ 

es present with marked organomegaly, 

most commonly hepatosplenomegaly. 

Patients also have anaemia and usually 

have thrombocytopenia and a moderate¬ 

ly elevated white blood cell count. 

Microscopy 
The peripheral blood and bone marrow 

blasts of AML with t(1;22)(p13.3;q13,1) 

are similar to those of acute megakaryo¬ 

blastic leukaemia (one of the subtypes 

of AML, NOS). Small and large mega- 

karyoblasts may be present and they 

may be admixed with more morpholog¬ 

ically undifferentiated blast cells with 

a high N:C ratio, resembling lympho¬ 

blasts. The megakaryoblasts are usually 

medium-sized to large blasts (12-18 pm) 

with a round, slightly irregular, or indent¬ 

ed nucleus with fine reticular chromatin 

and 1-3 nucleoli. The cytoplasm is ba¬ 

sophilic, often agranular, and may show 

distinct blebs or pseudopod formation. 

Micromegakaryocytes are common, but 

dyspiastic features of granulocytic and 

erythroid cells are not usually present. 

The bone marrow is usually normocel- 

lular to hypercellular, with reticulin and 

collagenous fibrosis usually present. Due 

to the often dense fibrosis, the pattern of 

bone marrow infiltration may mimic that of 

a metastatic tumour {357,567}. The pres¬ 

ence of fibrosis may cause difficulties in 

establishing the presence of >20% blast 

cells In the bone marrow based on the 

aspirate; correlation with bone marrow 

biopsy findings may be crucial. 

Cytochemistry 
Cytochemical staining for Sudan Black B 

and MPO Is consistently negative in the 

megakaryoblasts. 

Immunophenotype 
The megakaryoblasts express one or 

more of the platelet glycoproteins: CD41 

(glycoprotein lib/llla), CD61 (glycopro¬ 

tein Ilia), and CD42b (glycoprotein lb). 

The myeloid-associated markers CD13 

and CD33 may also be positive, CD34, 

CD45, and HLA-DR are often negative; 

CD36 is characteristically positive but not 

specific. Blasts are negative with MPO 

antibodies. Lymphoid markers and TdT 

are not expressed. Cytoplasmic expres¬ 

sion of CD41 or CD61 is more specific 

and sensitive than is surface staining. 

Postulated normal counterpart 
A myeloid progenitor cell with predomi¬ 

nant megakaryocytic differentiation 

Genetic profile 
Cases should show karyotypic evidence 

of t(1;22)(p13.3;q13.1) or molecular ge¬ 

netic evidence of RBM15-MKL1 fusion. 

In most cases, t(1;22)(p13.3;q13.1) is the 

sole karyotypic abnormality. This translo- 
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cation results in a fusion of RBM15 (also 

called OTT) and MKL1 (also called MAL) 
{2422). RBM15 encodes RNA recogni¬ 

tion motifs and a split-end (spen) para- 

logue and orthologue C-termlnal (SPOC) 

domain; MKL1 encodes a DNA-binding 

motif involved In chromatin organization. 

The fusion gene may modulate chroma¬ 

tin organization, HOX-induced differen¬ 

tiation, and extracellular signalling path¬ 

ways {2637}. 

Prognosis and predictive factors 
Despite some earlier reports suggest¬ 

ing that patients with AML with t(1;22) 

(p13.3;q13.1) respond well to intensive 

AML chemotherapy, with long disease- 

free survival {357,1050}, most studies 

have shown this to be a high-risk disease 

compared with paediatric acute mega- 

karyocytic leukaemia without t(1;22) {357, 

567,1756A,3593}. In cases with t(1;22) 

(p13.3;q13.1) and <20% blasts on aspi¬ 

rate smears, the aspirate smears should 

be correlated with the biopsy to exclude 

bone marrow fibrosis as a cause of a 

falsely low blast cell count. If this is ex¬ 

cluded, the patient must be monitored 

closely for development of more-defini¬ 

tive evidence of AML, such as the pres¬ 

ence of extramedullary disease or mye¬ 

loid sarcoma. 

Acute myeloid leukaemia with 
BCR-ABL1 

Definition 
Acute myeloid leukaemia (AML) with 

BCR-ABL1 (a provisional entity in the cur¬ 

rent classification) is a de novo AML in 

which patients show no evidence (either 

before or after therapy) of chronic mye¬ 

loid leukaemia (CML). Cases that meet 

the criteria for mixed-phenotype acute 

leukaemia, therapy-related myeloid neo¬ 

plasms, or other AML types with recur¬ 

rent genetic abnormalities are excluded 

from this category. 

ICD-Ocode 9912/3 

Epidemiology 
AML with BCR-ABU accounts for <1% 

of all AMLs and <1% of all BCR-ABL1- 
positive acute and chronic leukaemias. It 

occurs primarily in adults, with a possible 

male predominance {2082,3029,3740}. 

Clinical features 
Patients most commonly present with 

leukocytosis with a blast predominance 

and variable presence of anaemia and 

thrombocytopenia. Compared with pa¬ 

tients with myeloid blast transformation of 

CML, patients with AML with BCR-ABL1 
have less frequent splenomegaly and 

lower peripheral blood basophilia (usu¬ 

ally <2% basophils) {2082,3740}. 

Microscopy 
The morphological features of AML with 

BCR-ABL1 are non-specific; they dem¬ 

onstrate the presence of bone marrow 

and peripheral blood myeloblasts, with 

features ranging from those of minimal 

differentiation to those of granulocytic 

maturation. Average bone marrow cel- 

lularity is reported to be less than that 

typically seen in blast transformation of 

CML (80% versus 95-100% in blast cri¬ 

sis), and dwarf megakaryocytes are re¬ 

ported to be less common in AML with 

BCR-ABL1 than in blast transformation 

of CML. The non-blast cell myeloid-to- 

erythroid ratio is reported to be relatively 

normal compared with the more elevated 

ratio associated with blast transformation 

of CML {2082,3029,3740}. 

Immunophenotype 
The limited number of immunophenotyp- 

ic studies of AML with BCR-ABL1 have 

demonstrated expression of myeloid an¬ 

tigens (CD13 and CD33) and CD34. Ab¬ 

errant expression of CD19, CD7, and TdT 

appears to be common. However, cases 

meeting the criteria for a mixed pheno¬ 

type should be diagnosed as mixed-phe¬ 

notype acute leukaemia with BCR-ABL1 
{3029,3740}. 

Postulated normal counterpart 
A haematopoietic progenitor ceil with 

multilineage potential 

Genetic profile 
All cases demonstrate t(9;22) 

(q34.1;q11.2) or molecular genetic evi¬ 

dence of BCR-ABL1 fusion. Most cases 

demonstrate the p210 fusion, with b2a2 

and b3a2 fusions being next most com¬ 

mon. A minority of reported cases have 

demonstrated p190 transcripts, In most 

cases, cytogenetic abnormalities, such 

as loss of chromosome 7, gain of chro¬ 

mosome 8, and complex karyotypes, are 

present in addition to t(9;22)(q34.1;q11.2) 

{2082,3029,3740}. 

AML-associated mutations, in particular , 

NPM1 and FLT3-\JD, have been reported , 

to be restricted to AML with BCR-ABL1, ; 

not occurring in blast transformation I 
of CML, but these mutations are rela- ; 

tively infrequent {2082}. A recent study ^ 

reported frequent loss of IKZF1 and j 

CDKN2A in AML with BCR-ABU, as well ; 

as cryptic deletions within the IGH and j 

TRG genes. These deletions are also { 

reported in B-lymphoblastic leukaemia j 

with BCR-ABU, but they do not appear i 

to occur in myeloid blast transformation i 

of CML; if these results are confirmed, ; 

such testing may be a useful means of 

distinguishing between these disorders - 

in the future {2801}. j 

Although some recurrent genetic abnor- i 

malities, in particular inv(16)(p13.1q22), i 

have been reported to be acquired in | 

CML at the time of blast transformation j 

{4379}, these and other additional genetic l 

abnormalities are reported to occur in de \ 
novo AML with SC/7-AS/./. These genetic j 

abnormalities include CEBPA and NPM1 
mutations, inv(16)(p13.1q22), and inv(3) 

(q21.3q26,2) {520,1533,2082,3421}, all I 

of which, if present at diagnosis, define ' 

entities in the category of AML with recur¬ 

rent genetic abnormalities, which would 

take precedence over a diagnosis of 

AML with BCR-ABU. Late acquisition of 

BCR-ABU fusion in a pre-existing AML 

has also been reported, and is not con¬ 

sidered sufficient for a diagnosis of AML 

with BCR-ABU {3273,3629,4401}. How¬ 

ever, despite the ultimate classification of 

the disorder, therapy targeting the BCR- 
ABU fusion is indicated in oases with this 

acquired abnormality. 

Prognosis and predictive factors 
AML with BCR-ABU appears to be an 

aggressive disease, with poor response 

to traditional AML therapy or tyrosine ki¬ 

nase inhibitor therapy alone {3029,3740}, 

Recent reports suggest improved surviv¬ 

al with tyrosine kinase inhibitor therapy 

followed by allogeneic haematopoietic 

cell transplantation {368,520,1171}. 
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Fig. 8.14 Acute myeloid leukaemia with mutated NPM1 and myelomonocytic features. A Bone marrow biopsy shows 

complete replacement by large blasts with abundant cytoplasm and folded nuclei. B and C Leukaemic cells are 

CD34-negative (B) and show aberrant cytoplasmic expression of NPM1 (C). D Expression of nucleolin (also called 

C23) is restricted to the nucleus. 

Acute myeloid leukaemia with 
gene mutations 

Acute myeloid leukaemia with 
mutated NPM1 

Definition 
Acute myeloid leukaemia (AML) with 

mutated NPM1 carries mutations that 

usually involve exon 12 of NPM1. Aber¬ 

rant cytopiasmio expression of NPM1 is 

a surrogate marker of such mutations 

{1149}. This AML type frequently has my¬ 

elomonocytic or monocytic features and 

typically presents de novo in adults with 

a normal karyotype. 

ICD-0 code 9877/3 

Synonym 
Acute myeloid leukaemia with cytoplas¬ 

mic nucleophosmin 

Epidemiology 
NPM1 mutation is one of the most com¬ 

mon recurrent genetic lesions in AML 

{470,1075,1149,1150,3958,4185}, and is 

relatively specific for AML; it occurs in 

2-8% of childhood cases and 27%-35% 

of adult cases overall, as well as In 

45-64% of adult cases with a normal kar¬ 

yotype {470,590,749,1149,3958,4185}. 

There is a female predominance. 

Clinical features 
Patients with AML with mutated NPM1 
often have anaemia and thrombocyto¬ 

penia, and often have higher white blood 

ceil and platelet counts than seen with 

other AML types {1075). Cases may show 

extramedullary involvement; the most fre¬ 

quently affected sites are gingiva, lymph 

nodes, and skin. 

Microscopy 
There is a strong association between 

both acute myelomonocytic and acute 

monocytic leukaemia and NPM1 mu¬ 

tation (1149,1150); notably, 80-90% 

of acute monocytic leukaemias show 

NPM1 mutation. However, NPM1 muta¬ 

tions are also detected in AML with and 

without maturation and in pure erythroid 

leukaemia. 

The diagnosis relies on the identifica¬ 

tion of the genetic lesion by molecular 

techniques and/or immunohistochemical 

detection in paraffin sections of aberrant 

cytoplasmic expression of NPM1 (1150). 

Immunostaining with anti-NPMI antibod¬ 

ies reveals involvement of two or more 

bone marrow lineages (myeloid, mono¬ 

cytic, erythroid, megakaryocytic) in the 

vast majority of cases (3083). The vari¬ 

ability of bone marrow cell types show¬ 

ing NPM1 mutation accounts for the wide 

morphological spectrum of this leukae¬ 

mia. Multilineage dysplasia, as seen in 

many cases of AML with myelodyspla¬ 

sia-related changes (AML-MRC), is ob¬ 

served in almost a quarter of cases of 

de novo AML with mutated NPM1. These 

cases usually have a normal karyotype, 

and the blast cells are CD34-negative. 

The bone marrow is usually markedly hy- 

percellular. In the setting of NPM1 muta¬ 

tion, this type of dysplasia does not result 

in a worse prognosis, and its presence 

does not eliminate a diagnosis of AML 

with mutated NPM1 {975,1145}, 

Immunophenotype 
AML with mutated NPM1 is character¬ 

ized by high CD33 expression and vari¬ 

able (often low) CD13 expression. KIT 

(CD117), CD123, and CD110 expres¬ 

sion are common {2889}. HLA-DR is 

often negative. Two major subgroups of 

Fig. 8.15 Multilineage involvement in acute myeloid leukaemia with mutated NPM1. A Bone marrow biopsy shows massive replacement by myeloid blasts with maturation; there 

are also megakaryocytes and occasional immature erythroid cells (arrow). B Bone marrow biopsy of a minimally differentiated case shows occasional immature glycophorin- 

positive erythroid cells. C Myeloid blasts and immature erythroid cells (arrow) show cytoplasmic expression of NPM1. 
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Fig. 8.16 Acute myeloid leukaemia with mutated NPM1. Pie chart showing the frequencies (in 246 patients) of NPM1 

mutations, CEBPA mutations (both biaiieiic and monoaiieiic), FLT3 internal tandem duplication {FLTS-lTD), FLT3 tyrosine 

kinase domain (FL73-TKD) mutation, and KMT2A (previously called MIL) partial tandem duplication (WL/.-PTD); the 

size of each slice indicates the percentage of patients harbouring > 1 of the mutations indicated; WT indicates patients 
with only wildtype alleles of the genes tested. From Mrozek K et al, {2774} and adapted from Dohner K et al. {1075}. 

AML with mutated NPM1 have been de¬ 

scribed: one with an immature myeloid 

immunophenotypic profile and one with a 

monocytic (CD36-h, CD64-r, CD14-f) im¬ 

munophenotypic profile {2375}. CD34 is 

negative in most cases but CD34-I- cas¬ 

es do occur and have been associated 

with an adverse prognosis {669,866}. A 

very small fraction of cells with the im- 

munophenotype of leukaemia stem cells 

(CD34-I-, CD38-, CD123-I-) is detectable 

by flow cytometry in most patients with 

AML with mutated NPMI {2515}. The 

presence of a CD34-r/CD25-(-/CD123-i-/ 
CD99-I- population is reportedly associ¬ 

ated with FL73-ITD mutations {105}. 

On paraffin sections, immunohistochemi- 

cal staining for NPMI shows the charac¬ 

teristic aberrant expression of the pro¬ 

tein in the cytoplasm of leukaemic cells 

{1149}. In contrast, positivity for another 

major nucleolar protein, nucleolin (also 

called C23), is restricted to the nucleus 

of leukaemic cells. Immunohistochemical 

detection of cytoplasmic NPMI is predic¬ 

tive of NPM1 mutations {1146}, because 

the mutations cause critical changes (i.e, 

loss of the nucleolar localization signal 

and addition of a nuclear export signal) 

in the structure of native NPMI protein 

(characteristically located in the nucleo¬ 

lus), leading to its increased export from 

the nucleus and aberrant accumulation 
in the cytoplasm {1140}. 

Postulated normal counterpart 
A haematopoietic progenitor cell 

Genetic profile 
AML with mutated NPM1 is usually asso¬ 

ciated with a normal karyotype; however, 

5-15% of cases show chromosomal ab¬ 

errations {1149,1150,1511}, including gain 

of chromosome 8 and del(9q) {3958}. 

In most AMLs, del(9q) is considered a 

myelodysplasia-associated abnormal¬ 
ity, and was previously used to define 

AML-MRC. However, this does not ap¬ 

pear to be true when NPM1 is mutated, 

and such cases should be diagnosed as 

AML with mutated NPM1 {1511}, Other 

myelodysplasia-associated cytogenetic 
abnormalities seen in AML-MRC are un¬ 

common when NPM1 is mutated {1511}, 

and such rare cases should continue to 

be diagnosed as AML-MRC. NPM1 mu¬ 

tations are usually mutually exclusive of 

the other AMLs with recurrent genetic ab¬ 

normalities {1148}. Secondary mutations 

are common in AML with mutated NPM1 

and most frequently involve FLT3 and 

DNMT3A, but mutations of IDH1, KRAS, 
NBAS, and cohesion-complex genes are 
also relatively common {545,1149}. Al¬ 

though NPM1 mutation is a class-defin¬ 

ing lesion, it is frequently a later event in 

leukaemogenesis, commonly secondary 

to mutations in epigenetic modifiers such 

as DNMT3A, TET2, IDH1, and IDH2 {809, 
2126,3665}. NPM1 mutations appear to 

precede FL73-ITD {749,3958}. AML with 

mutated NPM1 shows a distinct gene 

expression profile (characterized by up- 

regulation of HOX genes {54,4185}) that 

differs from that of other AML types, in¬ 

cluding AML with KMT2A rearrangement 

(2782}, AML with mutated NPM1 is also 

characterized by a unique microRNA sig¬ 
nature {1304). 

Prognosis and predictive factors 
AML with mutated NPM1 typically shows 

a good response to induction therapy 

{1149}. Cases with a normal karyotype, 

in the absence of FL73-ITD mutation, 

have a characteristically favourable 

prognosis {470,1075,3560,3577,3958, 
4185}, Younger patients with a normal 

karyotype and no FL73-ITD have a prog¬ 

nosis comparable to that of patients with 

AML with t(8;21)(q22;q22.1) or AML with 

inv(16)(p13.1q22) or t(16;16)(p13,1;q22), 

and may be exempted from allogeneic 

haematopoietic cell transplantation in 

first complete remission {1075}, At least in 

younger adult patients, the coexistence 

of FL73-ITD mutations is associated with 

a poorer prognosis, but these patients 

still appear to have a better prognosis 

than do patients with AML with FLT3- 
ITD and wildtype NPM1, especially when 

the allelic ratio of FL73-ITD is low {1278, 

3233,3561}, The negative prognostic 

impact of a concomitant FL73-ITD muta¬ 

tion in older patients (in particular those 

aged >70 years) with AML with mutated 

NPM1 is less clear {310}. Co-occurrence 

of NPM1, FLT3-\JD, and DNMT3A muta¬ 

tions has been associated with a particu¬ 

larly poor outcome {2380}. It is unknown 

whether a /VP/W7-mutated, FL73-ITD- 

negative genotype also confers a favour¬ 

able prognosis in the rare cases of AML 

with a chromosomal aberration. 

Acute myeloid leukaemia with 
biaiieiic mutation of CEBPA 

Definition 
Acute myeloid leukaemia (AML) with biai¬ 

ieiic mutation of CEBPA usually meets the 

criteria for AML with maturation or AML 

without maturation, but some cases show 

myeiomonocytic or monoblastic features. 

This leukaemia usually presents de novo. 

ICD-0 code 9878/3 
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gaccaagaggctattcaagatctctgCGTGgcagt....ggaggaagtctctttaagaaaatag 

gaccaagaggctattcaagatctctgCCTGgcagt....ggaggaagtctctttaagaaaatag 

gaccaagaggctattcaagatctctg....gcagtCTCTTGCCCaagtctctttaagaaaatag 
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Wild-type NPM 
protein 

NH2 
1 

■ nil 
COOH 

294 

nsrt: W288 

W290 

Mutated NPM 
leukaemia protein 

NH2 
1 

COOH 
298 

□u 

^ Nuclear Export Signal (NES) 

^ Metal Binding domain 

^ Acidic domains 

H Nuclear Localization Signals (NLS) 

[ [ Moderately basic region 

Q Basic Cluster 

^ Aromatic Region 

^ Tryptophans 288 and 290 
(Nucleolar Localization Signal) 

★ Exon-12 mutation: 

- C-termlnal NES creation 

• Mutations of Tryptophans 288 and 290 

Fig. 8.17 Acute myeloid leukaemia with mutated NPMl Mutations usuaily occur at exon 12 of the NPM1 gene; the 

first-identified NPM1 mutations (mutations A to F) are shown {1149}; mutation A is the most frequent, acoounting for 

70-80% of cases; all mutations result in common ohanges at the C-terminus (COOH) of the wildtype NPMl (NPM) 

protein; these changes (asterisk) consist of replacement of tryptophan(s) at positions 288 and 290 and creation of a 

new nuclear export signal (NES) motif; both changes are responsible for the increased nuclear export and aberrant 

cytoplasmic accumulation of mutant NPMl. 

Epidemiology 
Biallelic mutations of CEBPA are reported 

in 4-9% of children and young adults with 

AML {1429,1668,1705,3022,4368}, with a 

frequency in normal-karyotype AML simi¬ 

lar to the overall incidence {1052,3908}. 

However, the frequency in older patients 

is probably lower. 

Clinical features 
AML with biallelic mutation of CEBPA 
tends to be associated with higher hae¬ 

moglobin levels, lower platelet counts, 

and lower lactate dehydrogenase levels 

than does CESPA-wildtype AML {1052, 

1705,3908}. It may also be associated 

with a lower frequency of lymphadenopa- 

thy and myeloid sarcoma (372,1260). The 

diagnosis of AML with biallelic mutation 

of CEBPA (especially in younger patients) 

should raise concern and prompt inves¬ 

tigation for the possibility of a germline 

mutation with predisposition to develop 

AML (see Myeloid neoplasms with germ¬ 
line predisposition, p. 121). 

Time [months) 

B 

£ 3 
CO 

C /VP/Wf"’“*/FLr3-ITD"«g D others 

Fig. 8.18 Prognosis of acute myeloid leukaemia (AML) according to NPM1, FLT3, and CEBPA mutations. The geno¬ 

types A/PiWI"^“'/FirS-lTD^s and CEBPA""^'- are favourable prognostic markers (A and B). For univariate donor versus 

no-donor analysis on relapse-free survival for AML with normal karyotype in first complete remission, according to 

genotype, the donor group was defined by the availability of an HLA-matched related donor. As evidenced by the 

results of this analysis in cases with the favourable genotype A/PMr“’/FLr3-ITD"®9 (c) and those with the adverse 

genotypes FLIS-ITD"®' and A/FMrVC£eFA*VFLr3-ITD"®3 (q), only cases with adverse genotypes (D) benefit from 

allogeneic stem cell transplantation. From Schlenk R F et al. {3560}. 

ITD, internal tandem duplication; mut, mutant; neg, negative; pos, positive; wt, wildtype. 

Microscopy 
AML with biallelic mutation of CEBPA has 

no distinctive morphological features, but 

the vast majority of cases have features 

of AML either with or without maturation 

{1052,1429,1668}. 

Multilineage dysplasia is reportedly pres¬ 

ent in 26% of cases of de novo AML with 

mutated CEBPA (similar to in AML with 

mutated NPM1), with no adverse prog¬ 

nostic significance {211}. Therefore, in 

the setting of biallelic CEBPA mutations, 

this type of dysplasia no longer excludes 

a case from this category. 

Immunophenotype 
In earlier studies that did not distinguish 

between single and double mutations in 

CEBPA, leukaemic blasts were reported 

to usually express one or more of the 

myeloid-associated antigens (CD13, 

CD33, CD65, CDIIb, and CD15). There 

was usually expression of HLA-DR and 

CD34 by most blasts. CD7 was present 

in 50-73% of cases, whereas expression 

of CD56 or other lymphoid antigens was 

uncommon {372,1776,2341}. In contrast, 

cases with biallelic mutation of CEBPA 
are reported to have a higher frequency 

of HLA-DR, CD7, and CD15 expression 

and a lower frequency of CD56 expres¬ 

sion than are cases with a single mutation 

{1705,2341}. Monocytic markers such as 

CD14 and CD64 are usually absent. 
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Fig. 8.19 Significance of CEPBA mutation type in acute myeioid ieukaemia, A Kapian-Meier overall survival curves for cases with CEBPA double mutations {CEBPA ), single j 
mutations (CEBPA^"') and wildtype (CEBPA*^). B and C. Kapian-Meier overall survival curves for CEBPA^"' cases (B) and CEBPA^ cases (C) with four genotypes: FLT3 internai I 

tandem duplication {FLT3-\JD) and mutant NPM1 (FLT3''^°INPM1'”'‘'^”), FL73-ITD and wildtype NPM1 (FLT3''^°INPM1'^), wildtype FLT3 and mutant NPM1 {FLT3'^INPMr^^^% and [ 

wildtype FLT3 and NPM1 (FLT3'^INPM1'^) {3908}. I 
* P value by global log-rank test. ; 

Postulated normal counterpart 
A haematopoietic progenitor cell 

Genetic profile 
The favourable prognosis associated 

with CEBPA mutation in AML is now 

known to be related to biallelic mutations 

only; therefore, biallelic mutation is now 

required for assignment to this category 

11429,1668,1705,3022,4368). The biallel¬ 

ic mutation is associated with a specific 

gene expression profile that is not as¬ 

sociated with the single mutation (3908, 

4368). More than 70% of cases of AML 

with biallelic mutation of CEBPA have a 

normal karyotype. FLT3-\JD mutations 

are found in 5-9% of cases {1052,3562, 

3908). 6/47/42 zinc finger 1 mutations are 

also associated with biallelic CEBPA mu¬ 

tation, and occur in approximately 39% 

of cases {1450). 

A subset of cases of AML with biallelic 

mutation of CEBPA have an abnormal 

karyotype. Similarly to in AML with mu¬ 

tated NPM1, del(9q) is common among 

this group and does not appear to influ¬ 

ence prognosis {3562). Therefore, detec¬ 

tion of biallelic mutation of CEBPA and 

del(9q) should not place a case into the 

category of AML with myelodysplasia- 

related changes. Other myelodysplasia- 

related cytogenetic abnormalities are 

less common, although del(llq) in asso¬ 

ciation with biallelic CEBPA mutation has 

been reported {3562). Until more data 

are available, such rare cases should 

continue to be diagnosed as AML with 

myelodysplasia-related changes. 

Patients with biallelic CEBPA mutations 

should be evaluated for a familial syn¬ 

drome (see Myeloid neoplasms with 
germline predisposition, p. 121). 

Prognosis and predictive factors 
AML with biallelic mutation of CEBPA 
is associated with a favourable prog¬ 

nosis, similar to that of AML with inv(16) 

(p13.1q22) or t(8;21)(q22;q22.1). The in¬ 

fluence of F773-ITD and GATA2 muta¬ 

tions on prognosis in this group is cur¬ 

rently unclear. 

Acute myeloid leukaemia with 
mutated RUNX1 

Definition 
Acute myeloid leukaemia (AML) with mu¬ 

tated RUNX1 (a provisional entity in the 

current classification) is a de novo leu¬ 

kaemia with >20% bone marrow or pe¬ 

ripheral blood blast cells that may have 

morphological features of most AML, 

NOS, categories and has a higher fre¬ 

quency among cases with minimal dif¬ 

ferentiation. The diagnosis of AML with 

mutated RUNX1 should not be made for 

cases that fulfil the criteria for other spe¬ 

cific AML subtypes in the categories of 

AML with recurrent genetic abnormali¬ 

ties, therapy-related myeloid neoplasms, 

or AML with myelodysplasia-related 

changes. 

ICD-0 code 9879/3 

Epidemiology 
RUNX1 mutations are reported to occur j 

in 4-16% of AML cases. Most studies find ; 

a higher frequency in older adults (aged 

>60 years). One study reported a male ‘ 

predominance {3897), but most have not < 

identified a sex predilection {192,1274, I 
2627,3236,3576,3897). RUNX1 muta- I 

tions in AML and myelodysplastic syn- j 

drome (MDS) are associated with radia- i 

tion exposure {1546) and prior alkylating I 
agent chemotherapy {751,1546); cases '• 

associated with alkylating agent chemo- j 

therapy are also associated with mono- i 

somy 7 or del(7q). Such cases are con- j 

sidered to be therapy-related AML rather ; 

than de novo disease. Patients with Fan- | 

coni anaemia or congenital neutropenia i' 

who develop AML or MDS also frequently \ 
carry RUNX1 mutations {3261,3694). { 

i; 

Clinical features j 
Patients with AML with mutated RUNX1 
may have lower haemoglobin and lactate i; 

dehydrogenase levels and lower white : 

blood cell and peripheral blood blast j 

cell counts than patients with wildtype l| 

RUNX1 {2627,3897). Cases with a his- i 

tory of prior therapy (in particular radia- 

tion therapy), MDS, or a myelodysplastic/ ' 

myeloproliferative neoplasm may also ? 

harbour RUNX1 mutations {1546,2050), ij 

but are excluded from this category. il 

Microscopy 
There are no morphological features 1 

specific for AML with mutated RUNX1. [ 
Although 15-65% of cases of minimally 
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differentiated AML demonstrate this mu¬ 

tation, most reported cases have other 

morphological features, including AML 

with maturation and AML with monocytic 

or myelomonocytic features {1274,3576, 

3897). 

Immunophenotype 
The leukaemic blasts usually express 

CD13, CD34, and HLA-DR, with variable 

expression of CD33, monocytic markers, 

and MPO {3576,3897}. 

Postulated normal counterpart 
A haematopoietic progenitor cell with 

multilineage potential 

Genetic profile 
Most RUNX1 mutations are monoallelic, 

involving the runt homology domain 

(RHD), spanning exons 3-5, and the 

transactivation domain (TAD), spanning 

exons 6-8; they are most commonly 

frameshift or missense mutations {1274, 

2627,3576,3897). Mutations may oc¬ 

cur with karyotypic abnormalities, most 

commonly trisomies 8 and 13 {976, 

1274,3576). Cases with myelodysplasia- 

related cytogenetic abnormalities should 

be classified as AML with myelodys¬ 

plasia-related changes. The recurrent 

cytogenetic abnormalities described in 

this chapter for other specific WHO cat¬ 

egories are not commonly associated 

with RUNX1 mutation, and the presence 

of such abnormalities takes diagnostic 

precedence over this provisional entity. 

Cooperating mutations are common with 

RUNX1 mutation, commonly involving 

ASXL1, KMT2A partial tandem duplica¬ 

tion {KMT2A-PJD), FLT3-\JD, IDH1 R132, 

and IDH2 R140 and R172; however, 

some of these mutations do not appear to 

be increased versus in /TL/A/X1-wildtype 

cases. Studies in MDS with mutated 

RUNX1 find a characteristic mutation sig¬ 

nature involving SRSF2, EZFI2, STAG2, 
and ASXL1 {1513,3050}, which appears 

to be similar in AML with mutated RUNX1. 
Mutations of NPM1, CEBPA, and JAK2 
are uncommon in this group {1274,2627, 

3576,3897). Cases with both RUNX1 and 

NPM1 or RUNX1 and biallelic CEBPA 
mutations should be classified as AML 

with mutated NPM1 or AML with biallelic 

mutation of CEBPA, respectively. 

A subset of these patients have germline 

mutations of RUNX1\ when RUNXl muta¬ 

tion is detected, germline studies should 

be performed or careful family histories 

obtained. Affected family members may 

have autosomal dominant thrombocyto¬ 

penia and dense granule platelet storage 

pool deficiency, as well as an increased 

risk of development of AML or MDS (see 

Myeloid neoplasms with germline predis¬ 
position, p. 121) {1291,1390}. 

Prognosis and predictive factors 
In some studies, RUNX1 mutations in 

AML have been associated with worse 

overall survival in multivariate analysis 

{1274,2627,3576,3 897). The combination 

of RUNX1 and ASXL1 mutations is re¬ 

ported to be associated with an adverse 

prognosis {3079}. It is unclear whether 

other cooperating mutations influence 

the prognosis of this disease group. Im¬ 

proved survival in patients treated with al¬ 

logeneic haematopoietic cell transplanta¬ 

tion has been reported {1274,3897). 
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Table 8.02 Molecular genetic alterations affecting clinical outcome of patients with acute myeloid leukaemia in specific cytogenetic groups 

Molecular genetic alteration Cytogenetic group Prognostic significance^ 

KIT mutation t(8;21)(q22;q22,1) Significantly shorter DFS {3063A}, RFS {408A}, EFS {408A,2016A,3576B}, and OS 

{408A,523A,2016A,3063A,3095,3576B} and higher CIR {3078} and Rl {523A} for patients 

with KIT mutation (especially in exon 17) than for patients with wildtype KIT 

In series from the USA {3207A} and Taiwan, China {3653A}, no significant difference in 

CRR {3207A}, DFS {3207A}, EFS {3653A}, RR {3207A,3653A}, or OS {3207A,3653A} 

between paediatric patients with and without KIT mutation; in a Japanese study, 

significantly shorter DFS and OS and higher RR for paediatric patients with KIT mutation 

(especially in exon 17) than for those with wildtype KIT{3657A} 

KIT mutation inv(16)(p13,1q22)/t(16;16)(p13.1;q22) In most studies, no significant difference in Rl {523A}, RFS {408A}, PFS {1876A}, EFS 
{408A}, or OS {408A,523A,1876A,3076,3095} between patients with and v/ithout KIT 

mutation, or in EFS (2016A} or OS (2016A} between patients with and without KIT mutation 

in exon 17 at codon D816 

In single studies, shorter RFS {3076} for patients with KIT mutation (especially in exon 8), 
higher RR {564A} for patients with exon 8 KIT mutation, and higher CIR and shorter OS 

{3078} for patients with exon 17 KIT mutation than for patients with wildtype KIT 

In paediatric studies, no significant difference in CRR {3207A}, DFS {3207A}, EFS {3653A}, 

RR {3207A,3653A}, or OS {3207A,3653A} between patients with and without KIT mutation 

FLT3-nD Normal karyotype Significantly shorter DFS {372,4307A,4307C}, CRD {345A,1259A}, and OS 

{345A,372,1259A,4307C} for patients with FLTS-ITD than for patients without FLIS-ITD 

No significant difference in CRR between patients with and without FLT3-\1D 

{345A,372,4307A,4307C} 

FLT3-\TD with no expression 

of wildtype FLT3 
Normal karyotype Significantly shorter DFS and OS for patients with FLT3-ITD and no expression of 

wildtype FLFSthan for patients without FLTS-ITD {4307A} 

FLT3-\TD Various abnormal and normal 

karyotypes combined 
Among younger patients (aged < 60 years), significantly shorter OS for patients with 
Fi.r3-ITD than for patients without Fi.r3-ITD {3095} 

FLT3-\TD mutant level Various abnormal and normal 
karyotypes combined 

Increasingly worse RR and OS (but not CRR) with increasing FLTS-ITD mutant level (i.e. 

the proportion of total FLT3 alleles accounted for by FLT3-ITD) in a comparison of mutant 
levels in 4 subsets of patients: without F/.T3-ITD, with low (1-24%) FLT3-\TD mutant level, 

with intermediate (25-50%) mutant level, and with high (>50%) mutant level {1278} 

Biallelic CEBPA mutation Normal karyotype Significantly higher CRR {3908} and DFS {1705} and longer RFS {3908}, EFS {3908}, 

and OS {1052,1705,3908} for patients with double CEBPA mutation than for patients with 
wildtype CEBPA 

Biallelic CEBPA mutation Various abnormal and normal 
karyotypes combined 

Significantly longer DFS {1705,3022}, EFS {4368}, and OS {1429,1705,3022,4368} for 

patients with double CEBPA mutation than for patients with wildtype CEBPA or 
single CEBPA mutation 

Single CEBPA mutation Normal karyotype Significantly lower CRR {3908} and shorter DFS {1705} and OS {1705} for patients with 

single CEBPA mutation than for patients with double CEBPA mutation 

NPM1 mutation Normal karyotype In some studies, significantly higher CRR {3577} and longer DFS {3958}, RFS {1075}, and 
EFS {3577} for patients with NPM1 mutation than for patients with wildtype NPM1; in other 

studies, no significant difference in CRR {258A,408C}, RFS {258A,408C,3577}, or EFS 
{258A,408C} between patients with and without NPM1 mutation 

No consistently observed significant difference in OS between patients with and 
without NPM1 mutation {258A,408C,1075,3577,3958} 

Among older patients (aged >60 years), significantly better CRR, DFS, and OS for patients 
with NPM1 mutation than for patients with wildtype NPM1 {310} 

NPM1 mutation & FLT3-\JD Normal karyotype Significantly better CRR {3560}, EFS {3577}, RFS {1075,3560}, DFS {3958}, and OS 

{1075,3560,3577,3958} for patients with NPM1 mutation without FLT3-\JD than for patients 

with NPM1 mutation and FLTS-ITD or with wildtype NPM1 with or without FL73-ITD 

RUNX1 mutation Normal karyotype Significantly lower CRR {2627}; higher resistant disease rate {1274}; and shorter DFS 

{2627,3897}, EFS {1274,2627,3576}, and OS {2627,3576,3897} for patients with RUNX1 
mutation than for patients with wildtype RUNX1 
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Cytogenetic group Prognostic significance® Molecuiar genetic alteration 

RUNX1 mutation 

RUNX1 mutation 

KMT2A-PJD 

KMT2A-PJD 

WT1 mutation 

WT1 mutation 

rE72 mutation 

TET2 mutation 

ASXL1 mutation 

ASXL1 mutation 

ASXL1 mutation 

Various abnormal and normal 

karyotypes combined 

Non-complex karyotype (i.e. 1 

or 2 abnormalities and a normal 

karyotype combined) 

Normal karyotype 

Various abnormal and normal 

karyotypes combined 

Normal karyotype 

Various abnormal and normal 

karyotypes combined 

Normal karyotype 

Various abnormal and normal 

karyotypes combined 

Normal karyotype 

Various abnormal and normal 

karyotypes combined 

Intermediate-risk karyotype'’ 

Significantly lower CRR {3897}; higher resistant disease rate (1274); and shorter DFS 

(3897), RFS (1274), EFS (1274), and OS {1274,3897} for patients with RUNX1 mutation than 

for patients with wildtype RUNX1 

Significantly shorter EFS and OS for patients with RUNX1 mutation than for patients with 

wildtype RUNX1 {3576} 

No difference in CRR, DFS, or OS between patients with and without KMT2A-PTD, 

either among younger patients (aged <60 years) receiving intensive treatment including 

autologous stem cell transplantation {4307D} or among older patients (aged >60 years) 

{4307B} 

In earlier studies, significantly worse CRD (but not CRR or OS) {526A,1075A} and 

higher RR or risk of death during CR {3560} for patients with KMT2A-PTD than for patients 

without KMT2A-PJD 

Among younger patients (aged < 60 years), significantly shorter OS for patients with 

KMT2A-PJD than for patients without KMT2A-P1D {3095} 

Significantly lower CRR {4197A}; higher resistant disease rates {4197A}, RR {3343B}, and 

CIR {4197A}; and shorter DFS {3078A}, RFS {4197A}, EFS {2104B}, and OS {3078A} for 

patients with WT1 mutation than for patients with wildtype WT1 

Among younger patients (aged <60 years), significantly worse CRR, RFS, and OS for 

patients with WT1 mutation and FLr3-ITD than for patients with WT1 mutation 

without FLr3-ITD{1274B} 

In studies in Europe {1668B} and the USA {1646A}, significantly worse CRR {1668B}, EFS 

{1646A,1668B}, and OS {1646A,1668B} for paediatric patients with WT1 mutation than for 

those with wildtype 14771; in a Japanese study {3513A}, no significant difference in 

DFS or OS 

Significantly worse RR and OS for patients with WT1 mutation than for patients with 

wildtype WT1 {3343B}; no significant difference in EFS {2104B} 

In studies in Europe {1668B} and the USA {1646A}, significantly worse resistant disease 

rates {1668B}, CIR {1668B}, EFS {1646A,1668B}, and OS {1646A,1668B} for paediatric 

patients with 14771 mutation than for those with wildtype 14771; in a Japanese study {3513A}, 

no significant difference in DFS or OS 

No significant difference in CRR {864A,1274A,2648C}, DFS {2648C}, RFS {864A,1274A}, 

EFS {1274A,2648C}, or OS {864A,1274A,2648C,4290A} between patients with and without 

TET2 mutation 

Significantly worse CRR {2648C}, DFS {2648C}, RR {4290A}, EFS {2648C,4290A}, and OS 

{2648C} for patients with TET2 mutations classified in the ELN favourable genetic group® 

(but not those in the intermediate-1 groupc) than for patients with wildtype 7E72; one study 

{1274A}, reported higher CRR for younger patients (aged <60 years) with TET2 mutations 

classified in the ELN intermediate-1 genetic groupc (but not those in the favourable group®) 

than for those with wildtype TET2 

Significantly worse RR {4290A}, EFS {4290A}, and OS {3998A} for patients with TET2 and 

NPM1 mutation without FL73-ITD than for patients with wildtype 7E72; similarly, TET2 

mutation was associated with shorter RFS and OS in younger patients (aged <60 years) 

with FL73-ITD {864A} and with shorter OS in patients with NPM1 mutation {3998A} 

Among younger patients (aged <60 years), no significant difference in CRR, RFS, EFS, 

or OS between patients with and without TET2 mutation {1274A} 

Significantly worse CRR {2648A}, DFS {2648A}, EFS {2648A,3576A}, and OS 

{2648A,3576A} for patients with ASXL1 mutation than for patients with wildtype ASXL1 

Among older patients (aged >60 years), significantly worse CRR, DFS, EFS, and OS for 

patients with ASXL1 mutation classified in the ELN favourable genetic groupc (but not those 

in the intermediate-l genetic groupc) than for patients with wildtype ASXL1 {2648A} 

Significantly worse CRR {748A,3079,3232A}, RFS {3079}, and OS {748A,3079, 

3095,3232A} for patients with ASXL1 mutation than for patients with wildtype ASXL1 

Significantly shorter EFS and OS for patients with ASXL1 mutation than for patients with 

wildtype ASXL1 {3576A} 
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Molecular genetic alteration 

DNMT3A mutation 

Cytogenetic group 

Normal karyotype 

Prognostic significance® 

DNMT3A R882 mutation 

Non-R882 DNMT3A mutation 

DNMT3A mutation 

IDH1 mutation 

IDH1 R132 mutation 

IDH2 mutation 

IDH2 R172 mutation 

IDH2 R140 mutation 

IDH2 R140Q mutation 

IDH1 and IDH2 mutations 

combined 

IDH1 and IDH2 mutations 

combined 

TP53 alteration (mutation or loss) 

TP53 mutation 

TP53 mutation 

Normal karyotype 

In some studies, significantly worse CRR {3987A}, DFS {2501E}, EFS {3343A}, 

and OS {3343A,3987A} for patients with DNMT3A mutation (R882 or non-R882) than 

for patients with wildtype DNMT3A: in other studies, no difference in CRR {1274C}, RFS 

{1274C,3987A}, EFS {1274C}, or OS {12740} 

Among younger patients (aged S60 years) with NPM1 mutation, significantly shorter EFS and 

OS for patients with DNMT3A mutation (mainly R882) than for patients with 

wildtype DNMT3A {3343A} 

Among younger patients (aged <60 years), significantly shorter RFS and OS for patients 

with DNMT3A mutation (mainly R882) classified in the ELN intermediate-l genetic groupc than 

for patients with wildtype DNMT3A-, no difference in outcome between patients with and without 

DNMT3A mutation classified in the favourable genetic groupc {1274C} 

Among younger patients (aged ^60 years) with either NPM1 mutation without FLIS-ITD or 

biallelic CEBPA mutation, significantly shorter EFS and OS for patients with DNMT3A mutation 

than for patients with wildtype DNMT3A {3343A} 

Among older patients (aged s 60 years), significantly shorter DFS and OS for patients with 

DNMT3A R882 mutation than for patients with wildtype DNMT3A (2501E) 

Normal karyotype Among younger patients (aged <60 years), significantly shorter DFS for patients with 

non-R882 DNMT3A mutation than for patients with wildtype DNMT3A (2501E) 

Various abnormal and normal 

karyotypes combined 

Normal karyotype 

Normal karyotype 

Normal karyotype 

Normal karyotype 

Among younger patients (aged <60 years), significantly higher CRR but no significant 

difference in RFS, EFS, or OS for patients with DNMT3A mutation (R882 and non-R882 

combined) than for patients with wildtype DNMT3A {1274C} 

No significant difference in CRR (4086,2501 D}, DFS (2501D), RR (4086), or OS (4086,2501 D) 

between patients with IDH1 mutation and patients with wildtype IDH1 and IDH2 

Among patients with NPM1 mutation without FLT3-\1D, significantly shorter DFS for patients 

with IDH1 R132 mutation than for patients with wildtype IDH1 and IDH2 (2501D} 

Among patients with NPM1 or CEBPA mutation without FL73-ITD, significantly higher RR and 

shorter OS for patients with IDH1 R132 mutation than for patients with wildtype IDH1 (4086} 

No significant difference in CRR, RFS, or OS between patients with and without IDH2 mutation 

(mostly R140); this was also true in a subset of patients with NPM1 mutation without 

F/.T3-ITD (39876} 

Significantly worse CRR (4086,2501D}, RR {4088}, and OS {4086} for patients with IDH2 R172 

mutation than for patients with wildtype IDH2 

Normal karyotype No significant difference in CRR, DFS, or OS between patients with IDH2 R140 mutation and 

patients with wildtype IDH1 and IDH2 (2501D} 

Various abnormal and normal Among younger patients (aged < 60 years), significantly longer OS for patients with IDH2 

karyotypes combined R140Q mutation than for patients with wildtype IDH2 (3095} 

Normal karyotype Significantly shorter DFS and OS for patients with IDH1 or IDH2 mutation than for patients with 

wildtype IDH1 and IDH2 (2889A} 

Among younger patients (aged <60 years), no significant difference in CRR, RFS, or OS 

between patients with IDH1 or IDH2 mutation and patients with wildtype IDH1 and IDH2: but 

in a subset of patients with NPM1 mutation without F/.73-ITD, significantly shorter RFS for 

patients with IDH1 or IDH2 mutation than for patients with wildtype IDH1 and IDH2 {30786} 

Various abnormal and normal Among younger patients (aged <60 years), no significant difference in CRR, RFS, or OS 

karyotypes combined between patients with IDH1 mutation or with either IDH1 or IDH2 mutation and patients with 

wildtype IDH1 and /DH2 {30786} 

Complex karyotype Significantly shorter RFS, EFS, and OS for patients with TP53 alteration than for patients with 

(> 3 abnormalities)'* wildtype TP53 {3462A} 

Complex karyotype No significant difference in CRR, DFS, or OS between patients with and without TP53 mutation 

(> 5 abnormalities) {439A} 

Abnormalities of chromosome 5, Significantly shorter OS for patients with TP53 mutation than for patients with wildtype TP53 

7, or 17 and/or complex karyotype {439A} 

(> 5 abnormalities) 
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Molecular genetic alteration Cytogenetic group Prognostic significance® 

BAALC expression Normal karyotype Significantly worse CRR {239B,3594C}, primary resistant disease rates {239B}, DFS 

{239A,372,3594C}, EFS {239A}, RR {239B}, CIR (239B}, and OS {239A,239B,372,3594C} 

for patients with high BAALC expression in blood than for patients with low expression 

No significant difference in CIR or EFS between paediatric patients with high and low 

BAALC expression, whereas OS was significantly shorter for patients with high expression 

in univariate but not multivariate analysis {1620A} 

BAALC expression Various abnormal and normal 

karyotypes combined 

No significant difference in CIR {1620A}, EFS {1620A}, or OS {1620A,3763A} between 

paediatric patients with high and low BAALC expression; in one study {3763A}, 

high expression was associated with significantly shorter EFS 

ERG expression Normal karyotype Significantly worse CRR {2501C,2648B}, DFS {2648B}, EFS {2501C}, CIR {2501A}, and 

OS {2501A,2648B,3594C} for patients with high ERG expression in blood {2501A,2501C} 

or bone marrow {2648B} than for patients with low expression 

No significant difference in CIR, EFS, or OS between paediatric patients with high and low 

ERG expression {1620A} 

ERG expression Various abnormal and normal 

karyotypes combined 

No significant difference in CIR, EFS, or OS between paediatric patients with high and low 

ERG expression {1620A} 

MN1 expression Normal karyotype Significantly lower CRR {2217A,3594B}; higher RR {1631A}; and shorter RFS {1631A}, 

EFS {3594B}, and OS {1631A,2217A} for patients with high MN1 expression than for 

patients with low expression 

DNMT3B expression Normal karyotype Among older patients (aged >60 years), significantly lower CRR and shorter DFS and OS 

for patients with high DNMT3B expression than for patients with low expression {2870A} 

SPARC expression Normal karyotype Among younger patients (aged <60 years), significantly lower CRR and shorter DFS and 

OS for patients with high SPARC expression than for patients with low expression {50A} 

MECOM expression Normal karyotype Among younger patients (aged <60 years), significantly shorter EFS for patients with high 

MECOM (EVU) expression than for patients with low expression {1479A} 

MECOM expression Various abnormal and normal 

karyotypes combined 

Among younger patients (aged <60 years), significantly lower CRR and shorter RFS and 

EFS for patients with high MEOOM [EVU) expression than for patients with low expression 

{1479A} 

MECOM expression Intermediate-risk karyotype^’ Among younger patients (aged <60 years), significantly shorter RFS and EFS for patients 

with high MECOM (EVI1) expression than for patients with low expression {1479A} 

MIR181A expression Normal karyotype Among younger patients (aged <60 years), significantly better CRR and OS for patients 

with high MIR181A expression than for patients with low expression {3594A} 

MIR3151 expression Normal karyotype Among older patients (aged >60 years), significantly shorter DFS and OS for patients with 

high MIR3151 expression than for patients with low expression (1085A} 

MIR3151 expression Intermediate-risk karyotype'^ Significantly shorter DFS and OS and higher CIR for patients with high MIR3151 expression 

than for patients with low expression {974B} 

MIR155 expression Normal karyotype Significantly lower CRR and shorter DFS and OS for patients with high MIR155 expression 

than for patients with low expression {2501B} 

CIR, cumulative incidence of relapse; CR, complete remission; CRD, complete remission duration; CRR, complete remission rate; DFS, disease-free survival; EFS, 

event-free survival; ELN, European LeukemiaNet; FLr3-ITD, FLT3 internal tandem duplication; KMT2A-PJD, KMT2A (MLL) partial tandem duplication; OS, overall survival; 

PFS, progression-free survival; RFS, relapse-free survival; Rl, relapse incidence; RR, risk of relapse. 

® The data presented pertain to adult patients, unless otherwise indicated. 

According to the refined UK Medical Research Council criteria {1464}. 

Cytogenetically normal patients classified in the ELN favourable genetic group have mutated CEBPA and/or mutated NPM1 without FLT3-\TD, whereas patients classified 

in the intermediate-l genetic group have wildtype CEBPA and either wildtype NPM1 (with or without FLTS-ITD) or mutated NPM1 with FLT3-\1D. 

Complex karyotype is defined by ELN as >3 chromosome abnormalities in the absence of the WHO-designated recurring translocations or inversions, i.e. t(8;21), inv(16) 

or t(16;16), t(15;17), t(9;11), t(v;11)(v;q23.3), t(6;9), inv(3), or t(3;3). Table prepared by Krzysztof Mrozek. 
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Acute myeloid leukaemia with 
myelodysplasia-related changes 

Arber D.A. 

Brunning R.D. 

Orazi A. 

Bain BJ, 

Porwit A. 

Le Beau M.M. 

Greenberg P.L. 

Table 8.03 Diagnostic criteria for acute myeloid leukaemia with myelodysplasia-related changes (AML-MRC) 

The diagnosis of AML-MRC requires that the following 3 criteria are met. 

1 > 20% blood or marrow blasts 

2 Any of the following: 

- History of myelodysplastic syndrome or myelodysplastic/myeloproliferative neoplasm 

- Myelodysplastic syndrome-related cytogenetic abnormality (Table 8.04) 

- Multilineage dysplasia^ 

3 Absence of both of the following: 

- Prior cytotoxic or radiation therapy for an unrelated disease 

- Recurrent cytogenetic abnormality as described in Acute myeloid leukaemia with recurrent 
genetic abnormaiities (p. 130) 

^ Multilineage dysplasia alone is insufficient for a diagnosis of AML-MRC in a de novo case of AML with 

mutated NPM1 or biallelic mutation of CEBPA (see text for details). 

Definition 
Acute myeloid leukaemia with myelodys¬ 

plasia-related changes (AML-MRC) is an 

acute leukaemia with >20% peripheral 

blood or bone marrow blasts with mor¬ 

phological features of myelodysplasia, or 

occurring in patients with a prior history 

of a myelodysplastic syndrome (MDS) or 

myelodysplastic/myeloproliferative neo¬ 
plasm (MDS/MPN), with MDS-related 

cytogenetic abnormalities; the specific 

genetic abnormalities characteristic of 

acute myeloid leukaemia (AML) with re¬ 

current genetic abnormalities are absent. 

Patients should not have a history of prior 

cytotoxic or radiation therapy for an unre¬ 

lated disease. Therefore, there are three 

possible reasons for classifying a case 

as this subtype (Table 8.03): AML arising 

from previous MDS or MDS/MPN, AML 

with an MDS-related cytogenetic abnor¬ 

mality and AML with multilineage dyspla¬ 

sia. A given case may be classified as 

this subtype for one, two or all three of 

these reasons. 

ICD-0 code 9895/3 

Synonyms 
Acute myeloid leukaemia with multiline¬ 

age dysplasia; acute myeloid leukaemia 

with prior myelodysplastic syndrome 

Epidemiology 
AML-MRC occurs mainly in elderly pa¬ 

tients, and is rare in children (1595,2261). 

Although the definitions of multilineage 

dysplasia in the literature vary, this cat¬ 

egory appears to account for 24 to 35% 

of all cases of AML (132,885,1514,2682, 

4276,4416). 

Clinical features 
AML-MRC often presents with severe 

pancytopenia. Some cases with 20-29% 

blasts, especially cases arising from 

MDS or in childhood, may be slowly pro¬ 

gressive. Such cases, with relatively sta¬ 

ble peripheral blood counts for weeks or 

months, are categorized by the French- 

American-British (FAB) classification as 

refractory anaemia with excess blasts in 

transformation, and may have clinicai be¬ 

haviour more similar to that of MDS than 

that of AML (1590). Some authors rec¬ 

ommended categorizing such cases as 

a favourable prognostic subtype of AML 

(1590). However, this recommendation is 

controversial. The National Comprehen¬ 

sive Cancer Network (NCCN) Clinical 

Practice Guidelines for Myelodysplas¬ 

tic Syndromes, which endorse using 

the WHO classification system, recom¬ 

mend that cases with 20-29% marrow 

blasts and a stable clinical course for 

>2 months be considered as either MDS 

or AML, in order for such cases to be eli¬ 

gible for treatment as either entity (1443). 

Several important findings support this 

recommendation: (1) patients with 20- 

29% marrow blasts have previously been 

included in and benefited from major 

therapeutic trials for MDS (1183,1796); (2) 

survival and disease evolution were simi¬ 

lar in the MDS patient groups with 10- 

19% and 20-29% marrow blasts (1444); 

and (3) molecular and cytogenetic fea¬ 

tures have been reported to be similar 

between these two patient groups (210), 

Molecular genetic factors (rather than 

strictly morphological or historical fac¬ 

tors) have helped refine the diagnosis of 

MDS-type AML; a set of gene mutations 

defines a subset of de novo AML cases, 

including those that evoived from MDS, 

with clinical features and therapeutic re¬ 

sponses highly specific for MDS (2351), 

Microscopy 
Most cases in this category of AML have 

morphological evidence of multiiineage 

dysplasia, which must be assessed on 

well-stained smears of peripheral blood 

and bone marrow. For an AML to be clas¬ 

sified as having myelodysplasia-related 

changes based on morphology, dyspla¬ 

sia must be present in >50% of the cells 

in at least two haematopoietic cell lines, 

Dysgranulopoiesis is characterized by 

neutrophils with hypogranular cytoplasm, 

hyposegmented nuclei (pseudo-Pelger- 

Huet anomaly) or bizarrely segmented 

nuclei. In some cases, these features 

can be more readily identified on periph¬ 

eral blood than bone marrow smears, 

Dyserythropoiesis is characterized by 

megaloblastosis, karyorrhexis, and nu¬ 

clear irregularity, fragmentation or multi- 

nucleation. Ring sideroblasts, cytoplas¬ 

mic vacuoles and periodic acid-Schiff 

(PAS) positivity are additional features of 

dyserythropoiesis. Dysmegakaryopoie- 

sis is characterized by micromegakaryo¬ 

cytes and normal-sized or large mega¬ 

karyocytes with non-lobated or multiple 

nuclei. Dysplastic megakaryocytes may 

be more readily appreciated in sections 

than on smears (132,1270). 

Some cases lack sufficient non-blast 

bone marrow elements to adequately 

assess for multilineage dysplasia; oth¬ 

ers have sufficient non-blast cells but do 

not meet the criteria described above for 
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I Fig. 8.20 Acute myeloid leukaemia with myelodysplasia-related changes (multilineage dysplasia), A The marrow 

1 aspirate shows numerous agranular blasts admixed with hypogranular neutrophils with clumped nuclear chromatin 

I and erythroid precursors with irregular nuclear contours; a small, hypolobated megakaryocyte is present at the 

; bottom of the field. B The marrow aspirate shows numerous agranular blasts admixed with hypogranular neutrophils 

i with clumped nuclear chromatin and erythroid precursors with irregular nuclear contours. 

' a morphological diagnosis of AML with 

I muitilineage dysplasia. These cases are 

j diagnosed as AML-MRC on the basis 

• of detection of MDS-related cytogenetic 

i abnormalities and/or a history of MDS or 

! MDS/MPN. 
i 

' Differential diagnosis 
, The principal differential diagnoses are 

■ MDS with excess blasts, pure erythroid 

. leukaemia, acute megakaryoblastic leu¬ 

kaemia and the other categories of AML, 

: not otherwise specified (NOS). Careful 

> blast cell counts, adherence to the diag- 

; nostic criteria for morphological dysplasia 

: and evaluation for MDS-related cytoge- 

J netic abnormalities should resolve most 

I cases, with this category taking priority 

■ over the purely morphological categories 

■ of AML, NOS. For example, a case with 

> 20% bone marrow megakaryoblasts 

• and multilineage dysplasia should be 

[ considered AML-MRC (megakaryoblas- 

; tic type) if AML with t(1;22)(p13.3;q13,1) 

‘ and myeloid proliferations associated 

' with Down syndrome are excluded. 

' Immunophenotype 
> Immunophenotyping results are vari¬ 

able due to the heterogeneity of the 

' underlying genetic changes, but an in- 

: crease in CD14 expression on blasts 

I cells has been reported (4276) and is 

j related to a poor prognosis (739). An 

increased frequency of CD11b expres¬ 

sion has been noted in patients with 

J high-risk and monosomal karyotypes 

{677,1889,2309}. Decreased expression 

of HLA-DR, KIT (CD117), FLT3 (CD135) 

i and CD38 and increased expression of 

lactoferrin are reported to be associated 

with the presence of multilineage dyspla¬ 

sia {2658}. In cases with aberrations of 

chromosomes 5 and 7, a high incidence 

of CD34, TdT, and CD7 expression has 

been reported {4172}. In cases with an¬ 

tecedent MDS, CD34-I- cells frequently 

constitute only a subpopulation of blasts 

and may have a stem-cell immunopheno¬ 

type, with low expression of CD38 and/ 

or HLA-DR. An increase in the fraction of 

cells with this stem-cell immunopheno¬ 

type has been correlated with high-risk 

cytogenetics and poor outcome {3415}, 

Blasts often express panmyeloid mark¬ 

ers (CD13, CD33), but aberrantly high 

or low expression of these markers is 

common. There is frequently aberrant 

expression of CD56 and/or CD7 {2934, 

2936}. The maturing myeloid ceils may 

show patterns of antigen expression dif¬ 

fering from those seen in normal myeloid 

development, and there may be altera¬ 

tions in the light-scattering properties of 

maturing cells (in particular neutrophils), 

similar to those described in MDS (see 

Myelodysplastic syndromes: Overview, 
p. 98). There is an increased incidence 

of expression of the multidrug resistance 

glycoprotein ABCB1 (also called MDR1) 

in the blast cells {2141,2260,2261}, 

Postulated normal counterpart 
A multipotent haematopoietic stem cell 

Genetic profile 
The chromosome abnormalities are simi¬ 

lar to those found in MDS; they often in¬ 

volve gain or loss of major segments of 

certain chromosomes, with complex kar¬ 

yotypes, loss of chromosome 7/del(7q), 

del(5q) and unbalanced translocations 

involving 5q being most common {2261, 

2772,2929}. Additional abnormalities 

that are considered sufficient to include 

a case in this category are listed in Ta¬ 

ble 8.04, Although trisomy 8 and del(20q) 

are also common in MDS, these findings 

are not considered to be disease-specif¬ 

ic and are not by themselves sufficient to 

classify a case as AML-MRC. Similarly, 

loss of Y chromosome Is a non-specific 

finding in older men and should not be 

considered sufficient cytogenetic evi¬ 

dence of this disease category. 

Balanced translocations are less com¬ 

mon in this disorder, but when they oc¬ 

cur they often involve 5q32-33. The pres¬ 

ence of t(3;5)(q25.3;q35.1) is associated 

with multilineage dysplasia and a young¬ 

er patient age at presentation compared 

with most other cases in this disease 

group {127}. In addition, AML with inv(3) 

(q21.3q26.2) or t(3;3)(q21.3;q26.2) and 

AML with t(6;9)(p23;q34,1) may show 

evidence of multilineage dysplasia, but 

these are recognized as distinct entities 

within the AML with recurrent genetic 

abnormalities group, and should be clas¬ 

sified as such. However, cases with the 

specific 11q23,3 rearrangements t(11;16) 

(q23.3;p13,3) and t(2;11)(p21;q23.3), if 

not associated with prior cytotoxic ther¬ 

apy, should be classified in this group 

rather than as AML with a variant translo¬ 

cation of 11q23.3. 

Cases of AML with multilineage dyspla¬ 

sia may carry NPM1 and/or FLT3 muta¬ 

tions, or mutations of CEBPA {4237}. 

Most /VP/WZ-mutated or CESPA-double- 

mutated cases have a normal karyotype 

and no history of prior MDS {3664} and 

have a prognosis similar to that of cases 

Table 8.04 Cytogenetic abnormalities sufficient for the 

diagnosis of acute myeloid leukaemia with myelodys¬ 

plasia-related changes when >20% peripheral blood or 

bone marrow blasts are present and prior therapy has 

been excluded 

Complex karyotype (>3 abnormalities) 

Unbalanced abnormalities 

Loss of chromosome 7 or del(7q) 

del(5q) ort(5q) 

Isochromosome 17q ort(17p) 

Loss of chromosome 13 or del(13q) 

del(llq) 

del(12p) ort(12p) 

idic(X)(q13) 

Balanced abnormalities 

t(11;16)(q23.3;p13,3) 

t(3;21)(q26.2;q22.1) 

t(1;3)(p36,3;q21,2) 

t(2;11)(p2T,q23.3) 

t(5;12)(q32;p13.2) 

t(5;7)(q32;q11,2) 

t(5;17)(q32;p13.2) 

t(5;10)(q32;q21) 

t(3;5)(q25.3;q35.1) 
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Fig. 8.21 Overall survival curves for cases of acute myeloid leukaemia (AML) with adverse cytogenetic findings j 

(irrespective of the presence of additional abnormalities) in the Medical Research Council (MRC) AML 10 trial, j 

The group with normal karyotype is included for comparison. Reproduced from Grimwade D et al. {1466} j 

without multilineage dysplasia {211,1145}, 

Therefore, such cases are now consid¬ 

ered to be AML with mutated NPM1 or 

AML with biallelic mutation of CEBPA, re¬ 

spectively, rather than AML-MRC. In the 

absence of NPM1 mutation or biallelic 

CEBPA mutation, the presence of multi¬ 

lineage dysplasia in the absence of prior 

MDS or an MDS-related cytogenetic 

abnormality appears to remain a signifi¬ 

cantly poor prognostic indicator in adults 

{975,3442,4276). However, the presence 

of an MDS-associated karyotypic abnor¬ 

mality takes diagnostic precedence over 

the detection of an NPM1 mutation or bi¬ 

allelic CEBPA mutation for classification 

purposes. Although del(9q) was previ¬ 

ously accepted as an MDS-related cy¬ 

togenetic abnormality, its presence as a 

sole abnormality in patients with mutation 

of NPM1 or biallelic mutation of CEBPA 
does not appear to have prognostic sig¬ 

nificance {1511,3562}, and it is no longer 

considered diagnostic of AML-MRC. 

However, the other MDS-related cytoge¬ 

netic abnormalities are very uncommon 

in association with NPM1 or biallelic 

CEBPA mutation, and are diagnostic of 

AML-MRC even when these mutations 

are present. 

NPM1 mutation and biallelic mutation 

of CEBPA are fairly uncommon in AML- 

MRC, but other mutations are reported 

with variable frequency. These include a 

variety of MDS-related mutations, such 

as mutation of U2AF1 and mutations of 

ASXL1 and TP53, which are more fre¬ 

quent in this entity than in AML, NOS. 

TP53 mutations are almost always as¬ 

sociated with a complex karyotype, but 

may suggest an even worse prognosis 

in this generally poor prognostic group 

{963,964,2943}. 

Prognosis and predictive factors 
AML-MRC generally has a poor progno¬ 

sis, with a lower rate of complete remis¬ 

sion than in other AML subtypes {132, 

1270,2682,4276,4416}. Although there 

are no overall prognostic differences be¬ 

tween cases with and without prior MDS 

{132}, cases with prior MDS and relatively 

low blast counts may constitute less clini¬ 

cally aggressive disease. Some cases 

with prior MDS and 20-29% bone mar¬ 

row blasts, considered refractory anae¬ 

mia with excess blasts in transformation 

in the FAB classification, may behave in 

a manner more similar to MDS than to 

other AMLs {1590}. These cases, as well 

as cases with myelodysplasia and slight¬ 

ly less than 20% blasts, require regular 

monitoring of peripheral blood counts 

and bone marrow morphology for chang¬ 

es suggesting disease progression to 

overt AML. 

Although AML-MRC is generally associa¬ 

ted with a poor prognosis, several stud¬ 

ies have not found morphology to be a 

significant parameter when using multi- 

variable analysis that also incorporates 

the results of cytogenetics, with high-risk 

cytogenetic abnormalities being more 

significantly associated with prognosis 

{1514,4237,4416}. Therefore, multilineage , 

dysplasia should be considered a pos- ' 

sible indicator of high-risk cytogenetic 

abnormalities. In the absence of karyo¬ 

type abnormalities diagnostic of AML- ; 

MRC or a history of MDS or MDS/MPN, j 

investigation for mutation of NPM1 and 

biallelic mutation of CEBPA is essential 

to exclude these specific AML disease ' 

groups that have a more favourable prog- ' 

nosis. In the absence of CEBPA double 

mutation or NPM1 mutation, the detection 

of multilineage dysplasia still appears to j 

confer a poor prognosis, although not jj 

as poor as the prognosis for cases with i 

high-risk cytogenetic abnormalities {975, [ 

3442,4276}. The increasing use of gene j 
mutation panels may be of value in this | 

group to evaluate for other gene muta- ji 

tions with prognostic significance. In one I 

study, ASXL1 mutations were reported in S 

almost half of such cases, and they may ' 

be associated with a worse prognosis j 
{963,964). I 

t 
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Therapy-related myeloid neoplasms Vardiman J.W, 

Arber D.A. 

Brunning R.D. 

Larson R.A. 

Matutes E. 

Baumann I. 

Kvasnicka H.M 

Table 8.05 Cytotoxic agents implicated in therapy-related myeloid neoplasms 

Alkylating agents 

Melphalan, cyclophosphamide, nitrogen mustard, chlorambucil, busulfan, carboplatin, cisplatin, 

dacarbazine, procarbazine, carmustine, mitomycin C, thiotepa, lomustine 

Ionizing radiation therapy^ 

Large fields containing active bone marrow 

Topoisomerase II inhibitors^ 

Etoposide, teniposide, doxorubicin, daunorubicin, mitoxantrone, amsacrine, actinomycin 

Others 

Antimetabolites: 

thiopurines, mycophenolate mofetil, fludarabine 

Antitubulin agents (usually in combination with other agents): 

vincristine, vinblastine, vindesine, paclitaxel, docetaxel 

^ The incidence of therapy-related acute myeloid leukaemia due to the genetic effects of modern limited-field 

radiation therapy is unknown {2824}; 

Topoisomerase 11 inhibitors may also be associated with therapy-related lymphoblastic leukaemia. 

Definition 
Therapy-related myeloid neoplasms 

(t-MNs) include therapy-related cases 

of acute myeloid leukaemia (t-AML), my- 

elodysplastic syndromes (t-MDS), and 

myelodysplastic/myeloproliferative neo¬ 

plasms (t-MDS/MPN) that occur as a late 

complication of cytotoxic chemotherapy 

and/or radiation therapy administered for 

a prior neoplastic or non-neoplastic dis¬ 

order. Although cases may be diagnosed 

morphologically as t-MDS, t-MDS/MPN, 

or t-AML according to the number of 

blasts in the blood and/or bone marrow, 

these t-MNs are best considered togeth¬ 

er as a unique clinical syndrome distin¬ 

guished by prior iatrogenic exposure 

to mutagenic agents {756,2221,3435, 

3709}. Excluded from this category are 

progression of myeloproliferative neo¬ 

plasms (MPNs) and evolution of primary 

MDS or primary MDS/MPN to AML (so- 

called ‘secondary’ AML); in each of these 

latter cases evolution to AML is part of 

the natural history of the primary disease 

and it may be impossible to distinguish 

natural progression from therapy-induced 

changes. 

ICD-0 code 9920/3 

Synonyms 
Therapy-related acute myeloid leukae¬ 

mia, alkylating agent-related; therapy-re¬ 

lated acute myeloid leukaemia, epipodo- 

phyllotoxin-related; therapy-related acute 

myeloid leukaemia, NOS 

Epidemiology 
t-MNs account for 10-20% of all cases 

of AML, MDS and MDS/MPN {1420,1976, 

2757). The incidence of t-MN among 

patients treated with cytotoxic agents 

varies depending on the underlying dis¬ 

ease and the treatment strategy. Most 

patients have been treated for a previous 

malignancy; of these, recently reported 

data suggest that about 70% have been 

treated for a solid tumour and 30% for a 

haematological neoplasm, with breast 

cancer and non-Hodgkin lymphoma 

accounting for the largest numbers of 

cases, respectively, within these two sub¬ 

groups. However, 5-20% of all cases of 

t-MN occur following therapy for a non¬ 

neoplastic disorder {1211,1976,2757}, 

and a similar proportion of cases occur 

following high-dose chemotherapy and 

autologous haematopoietic cell trans¬ 

plantation for a previously treated, non- 

myeloid neoplasm {367,756,1211,1976, 

3709). Any age group can be affected, 

but the risk associated with alkylating 

agents or radiation therapy generally in¬ 

creases with age, whereas the risk asso¬ 

ciated with topoisomerase II inhibitors is 

similar across all ages {3709}. The inci¬ 

dence increases with increasing age pro¬ 

portionate to the increased prevalence of 

cancer in older adults. As the number of 

cancer survivors increases due to im¬ 

proved outcomes for the primary malig¬ 

nancy, the incidence of t-MN is expected 

to increase. 

Etiology 
Therapy-related neoplasms are thought 

to be the consequence of mutation events 

or other changes in haematopoietic stem 

cells and/or the bone marrow microenvi¬ 

ronment induced by cytotoxic therapy or 

via the selection of a myeloid clone with 

a mutator phenotype that has a markedly 

elevated risk for mutation events {367, 

1813,2351,4360}. The fact that only a 

small proportion of patients treated with 

identicai protocols develop t-MN sug¬ 

gests that some individuals may have 

a heritable predisposition due to muta¬ 

tions in DNA damage-sensing or repair 

genes (e.g. BRCA1/2 or TP53) or poly¬ 

morphisms in genes that affect drug me¬ 

tabolism, drug transport or DNA-repair 

mechanisms {69,758,1489,2224,2356}. 

However, for most cases the underlying 

pathogenesis remains uncertain. 

The cytotoxic agents commonly implicat¬ 

ed in t-MN are listed in Table 8.05. Oth¬ 

er therapies, such as hydroxycarbamide 

(hydroxyurea), radioisotopes, L-aspara- 

ginase, purine analogues and mycophe¬ 

nolate mofetil, have also been suggested 

to be leukaemogenic, but their primary 

role in t-MN, if any, is unclear. Adjunc¬ 

tive use of haematopoietic growth factors 

during chemotherapy reportedly increas¬ 

es the risk {756}. Characteristic clinical, 

morphological, and genetic features are 

often related to the therapy previously 

received, although the common use of 

multiple classes of agents concurrently 

and combined modality therapy (i.e. che¬ 

motherapy plus radiation therapy) result 

in overlapping features {1976,3709}. 
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Fig. 8.22 Therapy-related acute myeloid leukaemia (t-AML) with t(9;11)(p22;q23). This patient developed t-AML < 1 
year following initiation of therapy for osteosarcoma, which included both alkylating agents and topoisomerase II 

inhibitors. 

Localization 
The blood and bone marrow are the prin¬ 

cipal sites of involvement, but initial pre¬ 

sentation as an extramedullary myeloid 

sarcoma has also been reported {369, 

3122}. 

Clinical features 
Two subsets of t-MNs are generally 

recognized clinically (1976,2221,3119, 

3435,3709}. The more common occurs 

5-10 years after exposure to alkylating 

agents and/or ionizing radiation. These 

cases often present with an MDS with 

marrow failure and one or more cytope- 

nias, although a minority present with 

t-MDS/MPN or overt t-AML. This subset 

is commonly associated with unbalanced 

loss of genetic material, often involving 

chromosomes 5 and/or 7, as well as com¬ 

plex karyotypes and mutations or loss of 

TP53. The second t-MN subset accounts 

for 20-30% of cases, has a shorter latent 

period (1-5 years), and follows treatment 

with agents that interact with DNA topoi¬ 

somerase II (topoisomerase II inhibitors). 

Most cases in this subset do not have 

a myelodysplastic phase but present 

with overt acute leukaemia, often as¬ 

sociated with a balanced chromosomal 

translocation. Although it may be useful 

to consider t-MN cases as being either 

alkylating agent/radiation-related or 

topoisomerase II inhibitor-related, many 

patients have received multiple types of 

therapy, and the boundaries between 

these two categories are therefore not 

always clear {1976}. Most cases of t-MN 

present within 10 years of the most recent 

exposure, and the origin of AML in cases 

with very long latent periods may be un¬ 

related to therapy {1420}. 

Microscopy 
Most patients present with an MDS or 

acute leukaemia associated with multi¬ 

lineage dysplasia {130,2654,3709,4154, 

4479}, There is commonly an elicited 

history of prior therapy with alkylating 

agents and/or radiation therapy, and 

cytogenetic studies often reveal abnor¬ 

malities of chromosomes 5 and/or 7 or 

a complex karyotype, often associated 

with mutated TP53 {2351,3253,3652}. 

The peripheral blood shows one or more 

cytopenias. Anaemia is almost always 

present and red blood cell morphology 

is usually characterized by macrocytosis 

and poikilocytosis, Dysplastic changes 

in the neutrophils include abnormal nu¬ 

clear segmentation and hypogranular 

cytoplasm. Basophilia is frequently pre¬ 

sent. The bone marrow may be hypercel- 

lular, normocellular, or hypocellular, and 

reticulin fibrosis is common {852,2654). 

Dysgranulopoiesis and dyserythropoie- 

sis are usually present. Most cases show 

dysplastic megakaryocytes with non- 

lobated or hypolobated nuclei or widely 

separated nuclear lobes. Cases present¬ 

ing with myelodysplasia and cytopenias 

may be designated as t-MDS or t-AML I 
depending on the blast percentage, but ; 

whether the percentage of blasts is prog- j 

nostically significant in this group with 

MDS-related features is unclear {208, ] 

1211,2124,3686,4479}. About half of the 

cases that present with a myelodysplas- | 

tic phase have <5% bone marrow blasts, ; 

but they often exhibit poor-risk cytogenet- j 

ics {2654,3686}. The diagnosis of t-MDS, : 

t-AML, or t-MDS/MPN should include the } 

associated cytogenetic abnormalities, i 

In 20-30% of cases, the first manifesta- ; 

tion of a t-MN is overt acute leukaemia i 
without a preceding myelodysplastic ■ 
phase {2654,3435,3709}. These cases j 

often occur following topoisomerase II in- j 
hibitor therapy, and most are associated j 

with recurrent balanced chromosomal ■ 
translocations, which frequently involve 

11q23 {KMT2A, previously called MLL) 
or 21q22.1 {RUNX1) and have a morphol¬ 

ogy resembling that of de novo acute 

leukaemia associated with these same 

chromosomal abnormalities, although 

a few such cases present as MDS or 
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Fig. 8.23 Therapy-related myelodysplastic syndrome/acute myeloid leukaemia. This 42-year-old man was treated with ABVD chemotherapy (i.e. doxorubicin, bleomycin, vin¬ 

blastine, and dacarbazine) for classic Hodgkin lymphoma, then relapsed 16 months later and was given salvage chemotherapy and radiotherapy; 2 years later, he presented with 

pancytopenia in the peripheral blood (A) and a bone marrow aspirate (B) and bone marrow biopsy (C) showed increased blasts and multilineage dysplasia. The karyotype was 

complex and included loss of chromosomes 5 and 7. 
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have myelodysplastic features as well 

{130,852,3435). Many of these cases 

have monoblastic or myelomonocytic 

morphology, but cases morphologically 

and cytogenetically identical to those 

' observed in any of the subtypes of de 
novo AML with recurrent cytogenetic ab- 

; normalities have been described, includ¬ 

ing therapy-related acute promyelocytic 

leukaemia with PML-RARA. Such cases 

; should be designated t-AML with the ap¬ 

propriate cytogenetic abnormality; for 

example, t-AML with t(9;11)(p21,3;q23.3) 

(94,392,2223). 

Immunophenotype 
There are no specific immunophenotypic 

■ findings in t-MN. Immunophenotyping 

■ studies of t-MNs reflect the heterogeneity 

of the underlying morphology and show 

changes similar to their de novo coun¬ 

terparts {130,2984). Blasts are generally 

' CD34 positive (2984) and express pan- 

myeloid antigens such as CD13, CD33, 

and MPO, although MPO expression has 

been reported to be downregulated in 

the neoplastic cells of some patients with 

t-MN {3252,4153). The maturing mye¬ 

loid cells may show patterns of antigen 

expression that differ from that seen in 

normal myeloid development, and there 

may be alterations in the light-scattering 

properties of maturing cells (in particular 

neutrophils) when studied by flow cyto¬ 

metry. Immunohistochemical staining of 

p53-positive cells in bone marrow biop¬ 

sies has been demonstrated to correlate 

well with TP53 mutations and with a poor 

prognosis (769,2983). 

' Cell of origin 
■ An abnormal haematopoietic stem cell 

) 
I 

Genetic profile 
The leukaemic cells of >90% of patients 

with t-MN show an abnormal karyotype 

(1211,2587,3435,3709). The cytogenetic 

abnormalities often correlate with the 

latent period between the initial therapy 

and the onset of the leukaemic disorder, 

as well as with the particular cytotoxic 

agent(s). Approximately 70% of patients 

harbour unbalanced chromosomal ab¬ 

errations, most commonly partial loss of 

5q, loss of chromosome 7, or a deletion 

of 7q. Loss of 5q is often associated with 

one or more additional chromosomal ab¬ 

normalities in a complex karyotype, such 

as del(13q), del(20q), del(llq), del(3p), 

loss of 17p or chromosome 17, loss of 

chromosome 18 or 21, or gain of chromo¬ 

some 8. As many as 80% of patients with 

del(5q) have mutations or loss of TP53 
as a result of abnormalities of 17p. These 

changes are usually associated with a 

long latent period, a preceding myelod¬ 

ysplastic phase or t-AML with myelodys¬ 

plastic features, and alkylating agent and/ 

or radiation therapy. The other 20-30% 

of patients have balanced translocations 

that involve rearrangements of 11q23, in¬ 

cluding t(9;11)(p21.3;q23.3) and t(11;19) 

(q23.3;p13.1); 21q22.1, as well as t(8;21) 

(q22;q22.1) and t(3;21)(q26.2;q22.1) and 

other abnormalities, such as t(15;17) 

(q24.1;q21.1) and inv(16)(p13.1q22). 

These translocations are generally as¬ 

sociated with a short latent period, most 

often present as t-AML without a preced¬ 

ing myelodysplastic phase, and are as¬ 

sociated with prior topoisomerase II in¬ 

hibitor therapy or radiation therapy alone. 

A small proportion of patients with t-MN 

have an apparently normal karyotype. 

Mutation analyses have shown that muta¬ 

tions of TP53 occur in as many as 50% 

of t-MN cases (substantially more com¬ 

monly than in de novo AML or MDS) and 

are associated with worse survival. Other 

genes reported to be most frequently 

mutated are TET2, PTPN11, IDH1/2, 
NRAS, and FLT3, but their clinical signifi¬ 

cance, if any, is not yet clear (367,2958, 

3652,4360). 

Prognosis and predictive factors 
The prognosis of t-MN is generally poor, 

although it is strongly influenced by the 

associated karyotypic abnormality as 

well as the comorbidity of the underlying 

malignancy or illness for which the cy¬ 

totoxic therapy was administered (1211, 

1976,3119,3709). Overall 5-year survival 

rates of <10% are commonly reported. 

Cases associated with abnormalities of 

chromosomes 5 and/or 7, TP53 muta¬ 

tions, and a complex karyotype have a 

particularly poor outcome, with a me¬ 

dian survival time of < 1 year, regardless 

of presentation as overt t-AML or as t- 

MDS (769,1211,1976,1995,3709). Cases 

with balanced chromosomal transloca¬ 

tions generally have a better prognosis; 

however, such cases, except those with 

t(15;17) and inv(16) or t(16;16), have 

shorter median survival times than do 

their de novo counterparts. Patients with 

therapy-related acute promyelocytic leu¬ 

kaemia (APL) with PML-RARA should be 

managed with the same degree of urgen¬ 

cy as de novo APL. (94,2222,2223,3119). 

Occasional cases assigned to the cate¬ 

gory of t-MN on the basis of the medical 

history may in fact constitute coincidental 

disease, and would consequently be ex¬ 

pected to behave like de novo disease. 
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Introduction 
The category of acute myeloid leukaemia 

(AML), NOS, encompasses the cases 

that do not fulfil the criteria for inclu¬ 

sion in one of the previously described 

groups (i.e. AML with recurrent genetic 

abnormalities, myelodysplasia-related 

changes or therapy-related AML). With 

the possible exception of pure erythroid 

leukaemia, the subgroups of AML, NOS, 

are not prognostically significant {132, 

3886} when AML with mutated NPM1 
and CEBPA are excluded {4233}. Most of 

the subgroups are nevertheless retained 

in this classification, because they define 

criteria for the diagnosis of AML across 

a diverse morphological spectrum and 

include the specific diagnostic criteria 

for pure erythroid leukaemia. Mutation 

analysis and cytogenetic studies are 

required before a case can be placed 

into this category, and such studies offer 

key prognostic information that appears 

to be independent of the morphological 

subtypes, Cytochemical studies are of¬ 

ten useful in the subtyping of AML, NOS, 

buf they are not considered essential for 

diagnosis, given the lack of prognostic 

significance of the subgroups. 
The primary basis for subclassification 

within this category is the morphological 

and cytochemical/lmmunophenotypic 

features of the leukaemic cells, which 

indicate the major lineages involved and 

their degree of mafuration. The defining 

criterion for AML is the presence of >20% 

myeloid blasts in the peripheral blood or 

bone marrow; the promonocytes in AML 

with monocytic differentiation are consid¬ 

ered blast equivalents. The classification 

of pure erythroid leukaemia is unique and 

is based on the percentage of abnormal, 

immature erythroblasts; by definition, 

such cases cannot be classified as AML 

wifh myelodysplasia-related changes be¬ 

cause they have <20% myeloid blasts, 

but they should be classified as therapy- 

related myeloid neoplasms or AML with 

recurrent genetic abnormalities if fhey ful¬ 

fil the criteria for one of fhose entities. The 

previously recognized subtype of acute 

erythroid leukaemia termed erythro- 

leukaemia (erythroid/myeloid type), has 

been eliminated from AML, NOS; cases 

with myeloblasts accounting for <20% of 

total bone marrow and peripheral blood 

cells are now classified as myelodysplas- 

tic syndrome, whereas cases with >20% 

myeloblasts continue to be classified ac¬ 

cording to standard AML criteria. 

It is recommended that the blast percent¬ 

age in the bone marrow be determined 

from a 500-cell differential count using 

an appropriate Romanowsky stain (e.g. 

Wright-Giemsa stain). In the peripheral 

blood, the differential should include 

200 leukocytes; if there is marked leu¬ 

kopenia, buffy coat films can be used. If 

an aspirate film is not obtainable due to 

bone marrow fibrosis and if the blasts ex¬ 

press CD34, immunohistochemical de¬ 

tection of CD34 on biopsy sections may 

enable the diagnosis of AML if the 20% 

blast threshold is met. The major criteria 

required for this diagnosis are based on 

examination of bone marrow aspirates, 

peripheral blood smear, and bone mar¬ 

row biopsy sections. The recommenda¬ 

tions for classification apply only to spec¬ 

imens obtained prior to chemotherapy. 

Please note that the epidemiological data 

cited for each AML, NOS, subtype have 

been gathered from studies using the pri¬ 

or French-American-British (FAB) clas¬ 

sification. The current limited use of the 

FAB diagnostic approach has prevented 

accrual of more recent epidemiological 

data for the morphological subtypes of 

AML, NOS, 

ICD-0 code 9861/3 

Synonyms 
Acute non-lymphocytic leukaemia; acute 

granulocytic leukaemia; acute myelo¬ 

genous leukaemia; acute myelocytic 

leukaemia 

Acute myeloid leukaemia with 
minimal differentiation 

Definition 
Acute myeloid leukaemia (AML) with 

minimal differentiation is an AML with no 

morphological or cytochemical evidence 

of myeloid differentiation. The myeloid 

nature of the blasts is demonstrated by 

immunological markers, which are es¬ 

sential for distinguishing this entity from 

lymphoblastic leukaemia. AML with 

minimal differentiation does not fulfil the 

criteria for inclusion in any of the previ¬ 

ously described groups (i.e. AML with 

recurrent genetic abnormalities, AML 

with myelodysplasia-related changes, or 

therapy-related AML). 

ICD-0 code 9872/3 

Synonyms 
Acute myeloblastic leukaemia; French- 

American-British (FAB) classification MO 

Epidemiology 
AML with minimal differentiation accounts 

for <5% of AML cases. It can occur at 

Fig. 8.24 Acute myeloid leukaemia with minimal differentiation. A Bone marrow smear shows blasts that vary in size, 

amount of cytoplasm, and prominence of nucleoli; there are no features of differentiation. B Bone marrow section 

shows that marrow is completely replaced by blasts with no features of differentiation. 
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any age, but most patients are either 

infants or older adults. 

Clinical features 
Patients present with evidence of bone 

marrow failure, with anaemia, thrombocy¬ 

topenia, and neutropenia. Some patients 

present with leukocytosis and numerous 

circulating blasts. 

Microscopy 
The blasts are usually medium-sized, 

with dispersed nuclear chromatin and 

round or slightly indented nuclei with 

I one or two nucleoli. The cytoplasm is 

agranular, with a variable degree of ba¬ 

sophilia. Less frequently, the blasts are 

■ small, with more-condensed chromatin, 

inconspicuous nucleoli, and scant cyto¬ 

plasm resembling that of lymphoblasts. 

Cytochemical staining for/with MPO, Su¬ 

dan Black B, and naphthol AS-D chloro- 

! acetate esterase (CAE) is negative (i.e. 

<3% of blasts are positive); alpha-naph- 

: thyl acetate esterase and alpha-naphthyl 

butyrate esterase are either negative or 

show a non-specific weak or focal reac¬ 

tion distinct from that of monocytic cells 

{330,1903,3430}. Sensitive ultrastructural 

studies may reveal MPO and CAE activ¬ 

ity in small cytoplasmic granules, endo¬ 

plasmic reticulum, the Golgi region, and/ 

or nuclear membranes. In some unusual 

cases, there is a residual normal popula- 

, tion of maturing neutrophils; these cases 

may resemble AML with maturation, but 

are distinguished by the absence of MPO 

or Sudan Black B positivity in the blasts 

and the absence of Auer rods. The bone 

marrow is usually markedly hypercellular, 

' with poorly differentiated blasts. 

Differential diagnosis 
The differential diagnosis includes 

, lymphoblastic leukaemia, acute mega- 

karyoblastic leukaemia, mixed-pheno- 

! type acute leukaemia, acute undifferen- 

; tiated leukaemia, and (more rarely), the 

i leukaemic phase of large cell lymphoma, 

i Immunophenotyping is essential for dis¬ 

tinguishing these conditions, 
i 

Immunophenotype 
Most cases express early haemato- 

I poietic-associated antigens (e.g. CD34, 

CD38, and HLA-DR) and lack antigens 

j associated with myeloid and mono¬ 

cytic maturation, such as CDIIb, CD15, 

CD14, and CD65. Blast cells express at 

least two myeloid-associated markers. 

usually CD13 and KIT (CD117), and ap¬ 

proximately 60% of cases express CD33. 

CD38 and/or HLA-DR expression may be 

decreased. There are no signs of mono¬ 

cytic differentiation, such as coexpres¬ 

sion of CD64 and CD36. Blasts are nega¬ 

tive for the B-cell and T-cell cytoplasmic 

lymphoid markers cCD3, cCD79a, and 

cCD22. MPO is negative by cytochemis¬ 

try, but may be positive in some blasts by 

flow cytometry or immunohistochemistry. 

Nuclear TdT is positive in approximately 

50% of cases and has been suggested to 

be of favourable prognostic significance 

{3096}. CD7 expression has been report¬ 

ed in approximately 40% of cases, but 

expression of other lymphoid-associated 

membrane markers is rare. Expression of 

a single, relatively non-specific myeloid- 

associated antigen (e.g. CD13 or CD33), 

especially on only some blasts and along 

with other markers of primitive cells (e.g. 

CD7, CD34, and HLA-DR) is more typical 

of acute undifferentiated leukaemia than 

of AML with minimal differentiation. 

Cell of origin 
A haematopoietic stem cell 

Genetic profile 
No unique chromosomal abnormality 

has been identified in AML with mini¬ 

mal differentiation. The most common 

abnormalities reported are complex 

karyotypes and unbalanced abnormali¬ 

ties, such as loss of chromosome 5 or 

del(5q), loss of chromosome 7 or del(7q), 

gain of chromosome 8, and del(llq), 

but the presence of some of these ab¬ 

normalities would place the case in the 

category of AML with myelodysplasia-re¬ 

lated changes. Mutations of RUNX1 (also 

called AML1) occur in 27% of cases, and 

16-22% of cases have FLT3 mutations, 

but de novo cases with RUNX1 mutations 

are now classified as the provisional en¬ 

tity of AML with mutated RUNX1. 

Acute myeloid leukaemia 
without maturation 

Definition 
Acute myeloid leukaemia (AML) without 

maturation is characterized by a high 

percentage of bone marrow blasts with¬ 

out significant evidence of maturation to 

more mature neutrophils; maturing cells 

of the granulocytic lineage constitute 

<10% of the nucleated bone marrow 

Fig. 8.25 Acute myeloid leukaemia without maturation. 

A On bone marrow smear, the cells are predominantly 

myeloblasts; occasional myeloblasts contain azurophilic 

granules or Auer rods; there is no evidence of matura¬ 

tion beyond the myeloblast stage. B MPO reaction 

reveals numerous myeloblasts with strong peroxidase 

reactivity; there are several peroxidase-negative eryth- 

roid precursors in the centre. 

cells. The myeloid nature of the blasts 

is demonstrated by positivity for MPO or 

Sudan Black B staining (in >3% of blasts) 

and/or the presence of Auer rods. AML 

without maturation does not fulfil the 

criteria for inclusion in any of the previ¬ 

ously described groups (i.e. AML with 

recurrent genetic abnormalities, AML 

with myelodysplasia-related changes, or 

therapy-related AML). 

ICD-0 code 9873/3 

Synonym 
French-American-British (FAB) classifi¬ 

cation Ml 

Epidemiology 
AML without maturation accounts for 

5-10% of AML cases. It can occur at any 

age, but most patients are adults; the me¬ 

dian patient age is about 46 years. 

Clinical features 
Patients usually present with evidence 

of bone marrow failure, with anaemia, 

thrombocytopenia, and neutropenia. 

There may be leukocytosis with markedly 

increased blasts. 
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Microscopy 
Some cases are characterized by mye¬ 

loblasts with azurophilic granules and/ 

or Auer rods. In other cases, the blasts 

resemble lymphoblasts and lack azuro¬ 

philic granules. Bone marrow biopsy sec¬ 

tions are usually markedly hypercellular, 

although normocellular or hypocellular 

cases also occur. 

Cytochemistry 
MPO and Sudan Black B positivity is 

present in a variable proportion of blasts, 

but always >3%. 

Differential diagnosis 
The differential diagnosis includes 

lymphoblastic leukaemia in cases with 

blast cells lacking granules or that have 

a low percentage of MPO-positive blasts, 

and AML with maturation in cases with 

a higher percentage of MPO-positive 

blasts, 

Immunophenotype 
AML without maturation usually presents 

with a population of blasts expressing 

MPO and one or more myeloid-associat¬ 

ed antigens, such as CD13, CD33, and 

KIT (CD117). CD34 and HLA-DR are 

positive in approximately 70% of cases. 

There is generally no expression of mark¬ 

ers associated with granulocytic matura¬ 

tion (e.g. CD15 and CD65) or monocytic 

markers (e.g. CD14 and CD64). CDItb is 

expressed in some cases. Blasts are neg¬ 

ative for the B-cell and T-cell cytoplas¬ 

mic lymphoid markers cCD3, cCD79a, 

and cCD22. CD7 is found in about 30% 

of cases, and expression of other lym¬ 

phoid-associated membrane markers 

(e.g. CD2, CD4, CD19, and CD56) has 

been described in 10-20% of cases. 

Cell of origin 
The postulated cell or origin is a haemato¬ 

poietic stem cell. 

Genetic profile 
There is no demonstrated associa¬ 

tion between AML without maturation 

and specific recurrent chromosomal 

abnormalities. 

Acute myeloid leukaemia with 
maturation 

Definition 
Acute myeloid leukaemia (AML) with 

maturation is characterized by the pres¬ 

ence of >20% blasts in the bone mar¬ 

row or peripheral blood and evidence of 

maturation (with >10% of maturing cells 

of granulocytic lineagWe) in the bone 

marrow; cells of monocyte lineage con¬ 

stitute <20% of bone marrow cells. AML 

with maturation does not fulfil the oriteria 

for inclusion in any of the previously de¬ 

scribed groups (i.e, AML with recurrent 

genetic abnormalities, AML with myelo¬ 

dysplasia-related changes, or therapy- 

related AML). 

ICD-0 code 9874/3 

Synonym 
French-American-Britlsh (FAB) classifi¬ 

cation M2, NOS 

Epidemiology 
AML with maturation accounts for ap¬ 

proximately 10% of AML cases {132), It 

occurs in all age groups; 20% of patients 

are aged <25 years and 40% are aged 

>60 years {3766}. 

Clinical features 
Patients often present with symptoms re¬ 

lated to anaemia, thrombocytopenia, and 

neutropenia. The white blood cell count 

is variable, as Is the number of blasts. 

Fig. 8.26 Acute myeloid leukaemia with maturation. 

On bone marrow smear, in addition to the myeloblasts, 

there are several more-mature neutrophils; one has a 

pseudo-Pelger-Huet nucleus. 

Microscopy 
Blasts with and without azurophilic 

granulation are present, Auer rods are 

frequently present. Promyelocytes, mye¬ 

locytes, and mature neutrophils consti¬ 

tute >10% of bone marrow cells; variable 

degrees of dysplasia are frequently pres¬ 

ent, but <50% of cells in two lineages 

are dysplastic. Eosinophil precursors are 

frequently increased, but do not exhibit 

the cytological or cytochemical abnor¬ 

malities characteristic of the abnormal 

eosinophils in acute myelomonocytic leu¬ 

kaemia associated with inv(16)(p13.1q22) 

or t(16;16)(p13,1;q22). Basophils and/ 

or mast cells are sometimes increased. 

Bone marrow biopsy sections usually 

show hypercellularlty. 

Differential diagnosis 
The differential diagnosis includes myel- 

odysplastic syndrome with excess blasts 

(for cases with a low blast peroentage), 

AML without maturation (when the blast : 

percentage Is high), and acute myelo¬ 

monocytic leukaemia (for cases with in¬ 

creased numbers of monocytes). AML 

with t(8;21)(q22;q22.1) usually has histo¬ 

logical features of AML with maturation, 

but should be classified according to its 

genetic abnormality. 

Fig. 8.27 Acute myeloid leukaemia with maturation. A Bone marrow biopsy reveals myeloblasts with abundant cytoplasm and azurophilic granules; occasional blasts contain an 

Auer rod and scattered eosinophils are present. There are numerous blasts with intense MPO activity (B) and lysozyme positivity (C), 
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Immunophenotype 
Leukaemic blasts in AML with maturation 

usually express one or more of the mye¬ 

loid-associated antigens CD13, CD33, 

CD65, CD11b, and CD15. Flow cytomet¬ 

ric analysis reveals patterns associated 

with granulocytic differentiation. There is 

often expression of HLA-DR, CD34, and/ 

or KIT (CD117), which may be present 

only in some blasts. Monocytic markers 

such as CD14, CD36, and CD64 are usu¬ 

ally absent. CD7 is expressed in 20-30% 

of cases; expression of CD56, CD2, 

CD19, and CD4 is uncommon (seen in 

. -10% of cases) and may be found only in 

I the most immature blasts. 

Cell of origin 
The postulated cell of origin is a haemato¬ 

poietic stem cell. 

Genetic profile 
There is no demonstrated association be¬ 

tween AML with maturation and specific 

recurrent chromosomal abnormalities. 

Acute myelomonocytic 
leukaemia 

Definition 
Acute myelomonocytic leukaemia is an 

acute leukaemia characterized by the 

proliferation of both neutrophil and mono¬ 

cyte precursors. The peripheral blood or 

bone marrow has >20% blasts (including 

: promonocytes); neutrophils and their pre¬ 

cursors and monocytes and their precur¬ 

sors each constitute >20% of bone mar- 

: row cells. This conventional minimal limit 

of 20% monocytes and their precursors 

distinguishes acute myelomonocytic leu¬ 

kaemia from cases of acute myeloid leu¬ 

kaemia (AML) with or without maturation, 

in which some monocytes may be pre¬ 

sent. A high number of monocytic cells 

may be present in the peripheral blood. 

Acute myelomonocytic leukaemia does 

not fulfil the criteria for inclusion in any 

of the previously described groups (i.e. 

AML with recurrent genetic abnormali¬ 

ties, AML with myelodysplasia-related 

changes, or therapy-related AML). 

ICD-0 code 9867/3 

Synonym 
French-American-British (FAB) classifi¬ 

cation M4 

Epidemiology 
Acute myelomonocytic leukaemia ac¬ 

counts for 5-10% of AML cases. It occurs 

in all age groups, but is more common in 

older individuals; the median patient age 

is 50 years. The male-to-female ratio is 

1.4:1 (3766). 

Clinical features 
Patients typically present with anaemia, 

thrombocytopenia, fever, and fatigue. 

The white blood cell count may be high, 

with numerous blasts and promonocytes. 

Microscopy 
The monoblasts are large cells with abun¬ 

dant cytoplasm that can be moderately 

to intensely basophilic and may show 

pseudopod formation. Scattered fine az¬ 

urophilic granules, vacuoles, and Auer 

rods may be present. The monoblasts 

usually have round nuclei with delicate 

lacy chromatin and one or more large 

prominent nucleoli. Promonocytes have a 

more irregular and delicately convoluted 

nuclear configuration; the cytoplasm is 

usually less basophilic and sometimes 

more obviously granulated, with occa¬ 

sional large azurophilic granules and 

vacuoles. Monocytes and promonocytes 

are not always readily distinguishable 

from maturing myeloid cells in routinely 

stained bone marrow smears; cyto¬ 

chemistry may be useful in such cases. 

The peripheral blood typically shows an 

increase in monocytes, which are often 

more mature than those in the bone mar¬ 

row. The monocytic component may be 

more evident in the peripheral blood than 

in the bone marrow. 

Cytochemistry 
At least 3% of the blasts should show 

MPO positivity. The monoblasts, 

promonocytes, and monocytes are typi¬ 

cally positive for non-specific esterase, 

although reactivity can be weak or ab¬ 

sent in some cases. If the cells meet the 

morphological criteria for monocytes, ab¬ 

sence of non-specific esterase does not 

exclude this diagnosis. Double staining 

for non-specific esterase and naphthol 

AS-D chloroacetate esterase (CAE) or 

MPO may reveal dual-positive ceils. 

Differential diagnosis 
The major differential diagnoses include 

AML with maturation, acute monocytic 

leukaemia, and chronic myelomonocytic 

leukaemia. Distinction from the other 

AML types is based on the cytochemi- 

cal findings and percentage of mono¬ 

cytic cells. The differential diagnosis with 

chronic myelomonocytic leukaemia is 

critical; it relies on the proper identifica¬ 

tion of blasts and promonocytes, which 

may be increased only in the bone mar¬ 

row. In some cases, reliance on periph¬ 

eral blood only may lead to a misdiagno¬ 

sis of chronic myelomonocytic leukaemia 

instead of AML. 

Immunophenotype 
Acute myelomonocytic leukaemia gener¬ 

ally shows several populations of blasts 

variably expressing the myeloid antigens 

CD13, CD33, CD65, and CD15. One of 

the blast populations is usually also posi- 

; Fig. 8.28 Acute myelomonocytic leukaemia. A Blood smear shows a myeloblast, a monoblast, and promonocytes. B Bone marrow smear shows myeloblasts and several more- 

i mature monocytes, including promonocytes. C Non-specific esterase reaction on a bone marrow smear reveals several positive cells; the non-reacting cells are predominantly 

myeloblasts and neutrophil precursors. 
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Fig. 8.30 Acute monoblastic and monocytic leukaemia. A On bone marrow biopsy, acute monoblastic leukaemia 

shows complete replacement of the marrow by a population of large blasts with abundant cytoplasm; the nuclei are 

generally round to oval; occasional nuclei are distorted. B On bone marrow section of acute monocytic leukaemia, 

the nuclear folds in the promonocytes are prominent. 

five for some markers characteristic of 

monocytic differentiation, such as CD14, 

CD64, CD11b, CD11c, CD4, CD36, CD68 

(PGM1), CD163, and lysozyme. Coex¬ 

pression of CD15, CD36, and strong 

CD64 is characteristic of monocytic dif¬ 

ferentiation, There is often also a popu¬ 

lation of immature blasts that express 

CD34 and/or KIT (CD117). Most cases 

are positive for HLA-DR and approxi¬ 

mately 30% for CD7; expression of other 

lymphoid-associated markers is rare. 

Cell of origin 
The postulated cell of origin is a haemato¬ 

poietic stem cell. 

Genetic profile 
Myeloid-associated, non-specific cyto¬ 

genetic abnormalities (e.g. gain of chro¬ 

mosome 8) are present in most cases. 

Acute monoblastic and 
monocytic leukaemia 

Definition 
Acute monoblastic leukaemia and acute 

monocytic leukaemia are myeloid leu¬ 

kaemias in which the peripheral blood or 

bone marrow has >20% blasts (including 

promonocytes) and in which >80% of the 

leukaemic cells are of monocytic lineage, 

including monoblasts, promonocytes, 

and monocytes; a minor neutrophil com¬ 

ponent (<20%) may be present. Acute 

monoblastic leukaemia and acute mono¬ 

cytic leukaemia are distinguished by the 

relative proportions of monoblasts and 

promonocytes. In acute monoblastic leu¬ 

kaemia, most (>80%) of the monocytic 

cells are monoblasts. In acute monocytic 

leukaemia, most of the monocytic cells 

are promonocytes or monocytes. Acute 

monoblastic and monocytic leukaemia 

does not fulfil the criteria for inclusion in 

Fig. 8.29 Acute monocytic leukaemia. Bone marrow 

aspirate smears show a mixture of blasts and promyelo¬ 

cytes; most of the leukaemic cells are promonocytes. 

any of the previously described groups; 

i.e. acute myeloid leukaemia (AML) with 

recurrent genetic abnormalities, AML 

with myelodysplasia-related changes, or 

therapy-related AML, 

ICD-0 code 9891/3 

Synonyms 
Acute monocytic leukaemia; acute 

monoblastic leukaemia; French-Ameri- 
can-British (FAB) classification M5; 

monoblastic leukaemia, NOS 

Epidemiology 
Acute monoblastic leukaemia accounts 

for <5% of cases of AML. It can occur at 

any age, but is most common in young 

individuals. Extramedullary lesions can 

occur. 

Acute monocytic leukaemia accounts for 

<5% of cases of AML. It is more com¬ 

mon in adults; the median patient age is 

49 years (3766). The male-to-female ratio 

is 1,8;1. 

Clinical features 
Patients commonly present with bleeding 

disorders. Extramedullary masses, cuta¬ 

neous and gingival infiltration, and CNS 

involvement are common. 

Microscopy 
The monoblasts are large cells with 

abundant cytoplasm that can be mod¬ 

erately to intensely basophilic and may 

show pseudopod formation. Scattered 

fine azurophilic granules and vacuoles 

may be present. The monoblasts usu¬ 

ally have round nuclei with delicate lacy 

chromatin and one or more large promi¬ 

nent nucleoli. Promonocytes have a more 

irregular and delicately convoluted nu¬ 

clear configuration; the cytopiasm is usu¬ 

ally less basophilic and sometimes more 

obviously granulated, with occasional 

large azurophilic granules and vacu¬ 

oles. Auer rods are rare; when present, 

they are usually in cells identifiable as 

myeloblasts. Haemophagocytosis (eryth- 

rophagocytosis) may be observed and is 

often associated with t(8;16)(p11.2;p13.3) 

{972,1512,3768}. Flaemophagocytosis 

with associated t(8;16)(p11.2;p13.3) may 

also be observed in acute myelomono- 

cytic leukaemia and some cases of 

AML with maturation. The bone marrow 

in acute monoblastic leukaemia is usu¬ 

ally hypercellular, with a predominant 

population of large, poorly differentiated 

blasts with abundant cytoplasm. Nucleoli 

may be prominent. The promonocytes in 

acute monocytic leukaemia show nu¬ 

clear segmentation. The extramedullary 

lesion may be composed predominantly 

of monoblasts or promonocytes or an 

admixture of two cell types. 

Cytochemistry 
In most cases, the monoblasts and 

promonocytes show intense non-specific 

esterase activity. In as many as 10-20% 

of cases of acute monoblastic leukae¬ 

mia, the non-specific esterase reaction 

is negative or only very weakly positive. 

In cases in which non-specific esterase 

is negative, immunophenotyping may 

be necessary for establishing monocytic 

differentiation. Monoblasts are typically 

MPO-negative; promonocytes may show 

some scattered MPO positivity. 

Differential diagnosis 
The major differential diagnoses of acute 

monoblastic leukaemia include AML with¬ 

out maturation, AML with minimal differ¬ 

entiation, AML with t(9;11)(p21.3;q23.3), 

and acute megakaryoblastic leukaemia. 

Extramedullary myeloid (monoblastic) 

sarcoma may be confused with malig- 
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Fig. 8.31 Acute monocytic leukaemia, testicular infiltration, A and B The monocytic cells have relatively abundant 

cytoplasm and very dispersed chromatin. 

nant lymphoma or soft tissue sarcomas. 

Occasional cases resemble prolympho- 

cytic leukaemia; they are readily distin¬ 

guished by immunophenotyping and 

cytochemistry. The major differential dia¬ 

gnoses of acute monocytic leukaemia 

include chronic myelomonocytic leukae¬ 

mia, acute myelomonocytic leukaemia, 

and microgranular acute promyelocytic 

leukaemia. These can be distinguished 

by careful examination of well-stained 

smears. The differential diagnosis with 

chronic myelomonocytic leukaemia is 

critical; it relies on the proper identifica¬ 

tion of promonocytes and their inclusion 

as blast equivalents. The abnormal pro¬ 

myelocytes in acute promyelocytic leu¬ 

kaemia show intense MPO and naphthol 

AS-D chloroacetate esterase (CAE) posi¬ 

tivity, whereas the monocytes are weakly 

reactive or negative. 

Immunophenotype 
Flow cytometry shows that these leukae¬ 

mias variably express the myeloid antigens 

CD13, CD33 (often very bright), CD15, and 

CD65. There is generally expression of at 

least two markers characteristic of mono¬ 

cytic differentiation, such as CD14, CD4, 

CDItb, CD11c, CD64 (bright), CD68, 

CD36 (bright), and lysozyme. CD34 is 

positive in only 30% of cases, whereas 

KIT (CD117) is more often expressed. 

Most cases are positive for HLA-DR. 

MPO can be expressed in acute mono¬ 

cytic leukaemia and less often in mono- 

blastic leukaemia. Aberrant expression 

of CD7 and/or CD56 is found in 25-40% 

of cases. By immunohistochemistry in 

paraffin-embedded bone marrow biopsy 

specimens and in extramedullary myeloid 

(monoblastic) sarcomas, MPO and CAE 

are typically negative but can be weakly 

positive. Lysozyme is often positive, but is 

also expressed in AML lacking monocytic 

differentiation. CD68 (PGM1) and CD163 

are often positive. 

Cell of origin 
The postulated cell of origin is a haemato¬ 

poietic stem cell. 

Genetic profile 
Myeloid-associated, non-specific cyto¬ 

genetic abnormalities are present in 

most cases. The t(8;16)(p11.2;p13.3) 

can be associated with acute monocytic 

leukaemia or acute myelomonocytic leu¬ 

kaemia and in most cases is associated 

with haemophagocytosis (in particular 

erythrophagocytosis) by leukaemic cells 

and with coagulopathy {972,3768}. 

Pure erythroid leukaemia 

Definition 
Pure erythroid leukaemia is a neoplas¬ 

tic proliferation of immature cells (undif¬ 

ferentiated or proerythroblastic in ap¬ 

pearance) committed exclusively to the 

erythroid lineage (>80% of the bone 

marrow cells are erythroid, with >30% 

proerythroblasts), with no evidence of 

a significant myeloblastic component 

{2095,2281,2371}. 

Cases previously classified as erythro- 

leukaemia (erythroid/myeloid type) on 

the basis of counting myeloblasts as a 

percentage of non-erythroid cells when 

eryfhroid precursor cells constituted 

>50% of the marrow cells are now clas¬ 

sified on the basis of the total bone mar¬ 

row or peripheral blood blast cell count. 

Such cases are classified as myelodys- 

plastic syndrome with excess blasts if 

blasts constitute <20% of all marrow or 

blood cells, and usually as acute myeloid 

leukaemia (AML) with myelodysplasia-re¬ 

lated changes if blasts constitute >20% 

of the cells, irrespective of the erythroid 

precursor cell count. 

ICD-0 code 9840/3 

Synonyms 
Acute myeloid leukaemia, M6 type; acute 

erythroid leukaemia; erythroleukaemia; 

pure erythroid leukaemia (M6B); eryth¬ 

roleukaemia; French-American-British 

(FAB) classification M6; erythraemic 

myelosis, NOS; acute erythraemia; 

Di Guglielmo disease; acute erythraemic 

myelosis 

Epidemiology 
Pure erythroid leukaemia is extremely 

rare. It can occur at any age, including in 

childhood. It can occur de novo, but more 

often occurs as progression of a prior 

myelodysplastic syndrome or as therapy- 

related disease {2371,4247}. Therapy- 

related cases should be diagnosed as 

therapy-related myeloid neoplasms. 

Clinical features 
The clinical features are not unique, 

but profound anaemia and circulating 

erythroblasts are common. 

Microscopy 
Pure erythroid leukaemia is character¬ 

ized by the presence of medium-sized 

to large erythroblasts, usually with round 

nuclei, fine chromatin, and one or more 

nucleoli (proerythroblasts); the cyto¬ 

plasm is deeply basophilic and agranular 

and frequently contains vacuoles, which 

often give a positive periodic acid-Schiff 

(PAS) reaction. Occasionally, the blasts 

are smaller, with scanty cytoplasm, and 

can resemble the lymphoblasts of lymph¬ 

oblastic leukaemia. The cells are nega¬ 

tive for MPO and Sudan Black B staining; 

they show reactivity with alpha-naphthyl 

acetate esterase, acid phosphatase, and 

PAS (with PAS, usually in a block-like 

staining pattern). In bone marrow biopsy 

sections of pure erythroid leukaemia, 

the cells appear undifferentiated and 

Fig. 8.32 Pure erythroid leukaemia. Bone marrow 

smear with numerous very immature erythroid precur¬ 

sors; these cells have cytoplasmic vacuoles, which oc¬ 

casionally coalesce. 
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Fig. 8.33 Pure erythroid leukaemia. A Bone marrow 

section shows a predominant population of very imma¬ 

ture erythroid precursors, some of which are muitilobed 

(arrow). B The immature erythroid precursors and mi¬ 

totic figures show positivity for glycophorin A. 

are arranged in a sheet-like pattern. An 

intrasinusoidal growth pattern is seen in 

some cases {4247}. Due to haemodilu- 

tion, erythroblasts may constitute <80% 

of the cells on an aspirate film; in such 

cases, the diagnosis of pure erythroid 

leukaemia can be made if the neoplastic 

erythroblasts occur in sheets and con¬ 

stitute >80% of the cells in the trephine 

biopsy sample {4247}. Proerythroblasts 

should constitute >30% of the cells in ei¬ 

ther the aspirate or the biopsy samples 

{2095}. Background dysmegakaryopoie- 

sis is common, whereas dysgranuiopoie- 

sis is infrequent; ring sideroblasts are of¬ 

ten present {2371}. 

Differential diagnosis 
Pure erythroid leukaemia without mor¬ 

phological evidence of erythroid matu¬ 

ration can be difficult to distinguish from 

other types of AML (in particular acute 

megakaryoblastic leukaemia). It can also 

be difficult to distinguish from lympho¬ 

blastic leukaemia, lymphoma, and (occa¬ 

sionally) metastatic tumours. Distinction 

from megakaryoblastic leukaemia is the 

most difficult; if the immunophenotype is 

characteristic of erythroid precursors, a 

diagnosis can be established, but some 

cases are ambiguous and there may be 

cases with concurrent erythroid and meg- 

akaryocytic differentiation {2942,4247}. 

Erythroid leukaemia with some morpho¬ 

logical evidence of maturation must be 

distinguished from reactive erythroid 

hyperplasia, including hyperplasia sec¬ 

ondary to erythroid growth factor ad¬ 

ministration or megaloblastic anaemia. 

Pure erythroid leukaemia should not be 

diagnosed as AML with myelodysplasia- 

related changes, even if there is a history 

of prior myeloid neoplasm, significant 

dysplasia of two lineages, or a defining 

cytogenetic abnormality: the diagnosis of 

AML with myelodysplasia-related chang¬ 

es requires >20% myeloblasts, whereas 

the neoplastic cells in pure erythroid leu¬ 

kaemia are erythroblasts. 

Immunophenotype 
The erythroblasts usually express gly¬ 

cophorin and haemoglobin A, as well as 

the less lineage-specific marker CD71. 

However, glycophorin and/or haemo¬ 

globin can be negative in the presence 

of poorly differentiated erythroblasts. 

E-cadherin, which stains early erythroid 

forms, is positive in the vast majority of 

cases and is specific for erythroid dif¬ 

ferentiation {2371,2942). The blasts are 

often positive for KIT (GD117) and usually 

negative for HLA-DR and CD34. CD36 is 

positive in most cases, but is not specific 

for erythroblasts and can be expressed 

by monocytes and megakaryocytes. 

Antigens associated with megakaryo¬ 

cytes (i.e. CD41 and CD61) are typically 

negative, but may be partially expressed 

in some cases. i 

Cell of origin 
The postulated cell of origin is a haemat¬ 

opoietic stem cell. 

Genetic profile ' 
No specific chromosome abnormality is j 

described in this type of AML. Complex ! 

karyotypes with multiple structural abnor¬ 

malities are present in almost all cases, 

with loss of chromosome 5 / del(5q) and 

loss of chromosome 7 / del(7q) being 

most common {2281,2371}. 

Prognosis and predictive factors 
Pure erythroid leukaemia is usually as¬ 

sociated with a rapid clinical course; the 

median survival is only 3 months {2371}. 

Acute megakaryoblastic 
leukaemia 

Definition 
Acute megakaryoblastic leukaemia is an 

acute leukaemia with >20% blasts, of 

which >50% are of megakaryocyte lin¬ 

eage; however, this category excludes 

cases of acute myeloid leukaemia with 

myelodysplasia-related changes (AML- 

MRC), therapy-related acute myeloid leu¬ 

kaemia (AML), and AML with recurrent 

genetic abnormalities, such as AML as¬ 

sociated with t(1;22)(p13.3;q13.1), inv(3) 

(q21.3q26.2), or t(3;3)(q21.3;q26.2). 

Acute megakaryoblastic leukaemia oc¬ 

curring in a patient with Down syndrome 

should be classified as myeloid leukae¬ 

mia associated with Down syndrome. 

ICD-0 code 9910/3 

Synonyms 
Megakaryocytic leukaemia; French- 

American-British (FAB) classification M7 

Epidemiology j 
Acute megakaryoblastic leukaemia is an I 
uncommon disease, accounting for <5% | 

of cases of AML. It occurs in both adults | 
and children. ij 

li 
Clinical features 
Patients present with cytopenias (often 

thrombocytopenia), although some may 

have thrombocytosis. Dysplastic features 

Fig. 8.34 Pure erythroid leukaemia. A Bone marrow smear shows four abnormal proerythroblasts; the erythroblasts 

are large, with finely dispersed chromatin, prominent nucleoli, and cytoplasmic vacuoles, some of which are 

coalescent. B The cytoplasm of the proerythroblasts shows intense globular periodic acid-Schiff (PAS) staining. 
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Fig. 8.36 Acute megakaryoblastic leukaemia. Bone marrow smear (A) and bone marrow section (B) from a 

22-month-old child, with complete replacement by poorly differentiated blasts. 

Fig. 8.37 Acute megakaryoblastic leukaemia A Bone marrow smear shows two megakaryobiasts, which are large 

cells with cytoplasmic pseudopod formation; portions of the cytoplasm are zoned, with granular basophilic areas and 

clear cytoplasm; nucleoli are unusually prominent. B The cytoplasm of the megakaryobiasts is intensely reactive with 

antibody to CD61 (platelet glycoprotein Ilia). 

in the neutrophils, erythroid precursors, 

platelets, and megakaryocytes may be 

present, but the criteria for AML-MRC are 

not met, An association between acute 

megakaryoblastic leukaemia and medi¬ 

astinal germ cell tumours has been ob¬ 

served in young adult males (2865), 

Microscopy 
The megakaryobiasts are usually medi¬ 

um-sized to large blasts (12-18 pm) with 

a round, slightly Irregular, or indented 

nucleus with fine reticular chromatin and 

1-3 nucleoli. The cytoplasm is basophilic, 

often agranular, and may show distinct 

blebs or pseudopod formation. In some 

cases, the blasts are predominantly small 

with a high N;C ratio, resembling lympho¬ 

blasts; large and small blasts may be 

present in the same patient. Occasional¬ 

ly, the blasts occur in small clusters. Cir¬ 

culating micromegakaryocytes, mega- 

karyoblast fragments, dysplastic large 

platelets, and hypogranular neutrophils 

may be present. Micromegakaryocytes 

should not be counted as blasts. In some 

patients, because of extensive bone mar¬ 

row fibrosis resulting in so-called dry tap, 

the percentage of bone marrow blasts is 

estimated from the bone marrow biopsy. 

Imprints of the biopsy may also be useful. 

Although acute megakaryoblastic leu¬ 

kaemia can be associated with extensive 

fibrosis, this is not an invariable finding. 

The histopathology of the biopsy speci¬ 

men varies; some cases have a uniform 

population of poorly differentiated blasts 

and others have a mixture of poorly dif¬ 

ferentiated blasts and maturing dysplas¬ 

tic megakaryocytes. Various degrees of 

reticulin fibrosis can be present. 

Cytochemistry 
Cytochemical staining with/for Sudan 

Black B, naphthol AS-D chloroacetate 

Fig. 8.35 Acute megakaryoblastic leukaemia. Bone 

marrow biopsy section showing virtually complete 

replacement by a population of blasts; one micromega¬ 

karyocyte can be seen. 

esterase (CAE), and MPO is consistent¬ 

ly negative in the megakaryobiasts; the 

blasts may give a positive periodic acid- 

Schiff (PAS) reaction, show reactivity for 

acid phosphatase, and show punctate or 

focal non-specific esterase reactivity. 

Differential diagnosis 
The differential diagnosis includes mini¬ 

mally differentiated AML, AML-MRC, 

acute panmyelosis with myelofibrosis, 

lymphoblastic leukaemia, pure eryth¬ 

roid leukaemia, blastic transformation 

of ohronic myeloid leukaemia, and the 

blast phase of any other myeloprolifera¬ 

tive neoplasm. In blastic transformation 

of chronic myeloid leukaemia and the 

blast phase of any other myeloprolifera¬ 

tive neoplasm, there is usually a history 

of a chronic phase, and splenomegaly is 

an almost invariable finding. Some meta¬ 

static tumours in the bone marrow, in 

particular in children (e.g. alveolar rhab¬ 

domyosarcoma), may resemble acute 

megakaryoblastic leukaemia. In general, 

acute megakaryoblastic leukaemia con¬ 

stitutes a proliferation predominantly of 

megakaryobiasts, whereas acute pan¬ 

myelosis is oharacterized by a trilineage 

proliferation of granulocytes, megakaryo¬ 

cytes, and erythroid precursors. In some 

cases, the distinction between acute 

megakaryoblastic leukaemia, acute pan¬ 

myelosis with fibrosis, and AML-MRC can 

be problematic. In such cases, careful 

immunohistochemical analysis of bone 

marrow biopsy can be particularly help¬ 

ful (2991). 

Immunophenotype 
The megakaryobiasts express one or 

more of the platelet glycoproteins; CD41 

(glycoprotein llb/llla), CD61 (glyoopro- 

tein Ilia), and CD42b (glycoprotein lb). 

The myeloid-associated markers CD13 

and CD33 may be positive. CD34, the 

panleukocyte marker CD45, and HLA- 

DR are often negative, especially in chil¬ 

dren; CD36 is characteristically positive 

but not specific. Blasts are negative with 

MPO antibody and with other markers 

of granulocytic differentiation. Lymphoid 

markers and TdT are not expressed, 

but there may be aberrant expression of 

CD7. Cytoplasmic expression of CD41 or 

CD61 is more speoific and sensitive than 

is surface staining, due to possible ad¬ 

herence of platelets to blast cells, which 

can be misinterpreted as positive staining 

on flow oytometry. In cases with fibrosis, 

immunophenotyping on bone marrow 

trephine biopsy sections is particularly 

Important for diagnosis. Megakaryocytes 

(and in some cases megakaryobiasts) 
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Fig. 8.38 Acute basophilic leukaemia. A Bone marrow smear shows blasts and immature basophils; the basophil granules vary from large, coarse granules to smaller granules. 

B Bone marrow trephine biopsy shows poorly differentiated blasts. 

can be recognized by a positive reac¬ 

tion with antibodies to von Willebrand 

factor, the platelet glycoproteins (CD61 

and CD42b), and LAT; the detection of 

platelet glycoproteins is most lineage- 

specific, but detection is highly depend¬ 

ent on the procedures used for fixation 
and decalcification. 

Cell of origin 
The postulated cell of origin is a 

haematopoietic stem cell. 

Genetic profile 
There is no unique chromosomal abnor¬ 

mality associated with acute megakary- 

oblastic leukaemia in adults. Complex 

karyotypes typical of myelodysplastic 

syndrome, inv(3)(q21.3q26.2), and t(3;3) 

(q21.3q26,2) can all be associated with 

megakaryoblastic/ megakaryocytic dif¬ 

ferentiation {873,2964), but such cases 

should be assigned to other categories of 

AML (see Acute myeloid leukaemia with 
recurrent genetic abnormaiities, p. 130). 

In young males with mediastinal germ 

cell tumours and acute megakaryoblas¬ 

tic leukaemia, several cytogenetic abnor¬ 

malities have been observed; of these, 

isochromosome 12p is particularly char¬ 

acteristic {633,2990}. 

Prognosis and predictive factors 
The prognosis of this category of acute 

megakaryoblastic leukaemia is usually 

poorer than that of other AML types, 

AML (megakaryoblastic) with t(1;22) 

(p13.3;q13.1) (1050,2964), and acute 

megakaryoblastic leukaemia in Down 

syndrome. 

Acute basophilic leukaemia 

Definition 
Acute basophilic leukaemia is an acute 

myeloid leukaemia (AML) in which the 

primary differentiation is to basophils. 

Acute basophilic leukaemia does not fulfil 

the criteria for inclusion in any of the pre¬ 

viously described groups (i.e, AML with 

recurrent genetic abnormalities, AML 

with myelodysplasia-related changes, or 

therapy-related AML). 

ICD-0 code 9870/3 

Synonym 
Basophilic leukaemia (no longer used) 

Epidemiology 
Acute basophilic leukaemia is a very rare 

disease, with a relatively small number 

of reported cases. It accounts for <% of 

cases of AML. 

Clinical features 
As with other acute leukaemias, patients 

present with features related to bone 

marrow failure and may or may not have 

circulating blasts. Cutaneous involve¬ 

ment, organomegaly, lytic lesions, and 

symptoms related to hyperhistaminaemia 

may be present. 

Microscopy 
The circulating peripheral blood and 

bone marrow blasts are medium-sized, 

with a high N:C ratio; an oval, round, or 

irregular nucleus characterized by dis¬ 

persed chromatin, and 1-3 prominent nu¬ 

cleoli. The cytoplasm is moderately baso¬ 

philic and contains a variable number of 

coarse basophilic granules that are pos¬ 

itive with metachromatic staining; there 

may be vacuolation of the cytoplasm. 

Immature forms can be seen, but mature 

basophils are usually sparse. Dysplastic 

features in the erythroid precursors may 

be present. Electron microscopy shows 

that the granules have features charac¬ 

teristic of basophil precursors; they con¬ 

tain an electron-dense particulate sub¬ 

stance, are internally bisected (e.g, have 

a theta character), or contain crystalline 

material arranged in a pattern of scrolls 

or lamellae (which is more typical of mast 

cells) (3148). The most characteristic 

cytochemical reaction is metachromatic 

staining with toluidine blue. The blasts 

usually show a diffuse pattern of staining 

with acid phosphatase, and in some cas¬ 

es show periodic acid-Schiff (PAS) pos¬ 

itivity in large blocks; the blasts are often 

negative for naphthol AS-D chloroacetate 

esterase (CAE), Sudan Black B staining, 

MPO, and non-specific esterase. The 

lack of CAE reactivity can be helpful in 

distinguishing blasts of acute basophilic 

leukaemia from mast cells (1360). Bone 

marrow biopsy shows diffuse replace¬ 

ment by blast cells. 

Differential diagnosis 
The differential diagnosis includes the 

blast phase of a myeloproliferative 

neoplasm; other AML subtypes with 

basophilia, such as AML with t(6;9) 

(p23;q34.1); AML with BCR-ABU; mast 

cell leukaemia; and (more rarely) a sub- 

type of lymphoblastic leukaemia with 

prominent coarse granules. The clinical 

features and cytogenetic pattern distin¬ 

guish cases presenting de novo from 

those resulting from transformation of 

chronic myeloid leukaemia and from oth¬ 

er AML subtypes with basophilia. Immu¬ 

nological markers distinguish between 

164 Acute myeloid leukaemia and related precursor neoplasms 



Fig. 8.39 Acute panmyelosis with myelofibrosis. A Marrow trephine imprint shows several megakaryocytes with hy- 

posegmented nuclei and blast forms. B The marrow is markedly hypercellular, with increased fibrosis and a hetero¬ 

geneous mixture of cells that include numerous dysplastic megakaryocytes. C Reticulin staining shows marked 

marrow fibrosis. D Immunohistochemistry for CD34 shows an increase in blast cells. 

granular lymphoblastic leukaemia and 

acute basophilic leukaemia; cytochemis¬ 

try and immunophenotyping distinguish 

acute basophilic leukaemia from other 

leukaemias. 

Immunophenotype 
Leukaemic blasts express myeloid mark¬ 

ers such as CD13 and CD33; are usually 

positive for CD123, CD203c, and CD11b; 

and are negative for other monocytic 

markers and KIT (CD117) (3761). Blasts 

may express CD34. Unlike normal baso¬ 

phils, they may be positive for HLA-DR 

but are negative for KIT. Immunopheno- 

typic detection of abnormal mast cells 

expressing KIT, mast cell tryptase, and 

CD25 distinguishes mast cell leukaemia 

from acute basophilic leukaemia. Blasts 

usually express CD9. Some cases are 

positive for membrane CD22 and/or 

TdT. Other membrane and cytoplasmic 

lymphoid-associated markers are usually 

negative {2322,3762). 

Genetic profile 
No consistent chromosomal abnormal¬ 

ity has been identified, but a recurrent 

t(X;6)(p11.2;q23.3) resulting in MYB- 
GATA1 appears to occur in male infants 

with acute basophilic leukaemia {872, 

3260). Other cytogenetic abnormalities 

reported in acute basophilic leukaemia 

include t(3;6)(q21;p21) and abnormalities 

involving 12p {1710,1711}. AML with t(6;9) 

(p23;q34.1) is specifically excluded, as 

are cases associated with BCR-ABL1. 

Prognosis and predictive factors 
There is little information on survival with 

this rare type of acute leukaemia. The 

cases observed have generally been as¬ 

sociated with a poor prognosis. 

Acute panmyelosis with 
myelofibrosis 

Definition 
Acute panmyelosis with myelofibrosis 

(APMF) is an acute panmyeloid prolifera¬ 

tion with increased blasts (>20% of cells 

in the bone marrow or peripheral blood) 

and accompanying fibrosis of the bone 

marrow {307,2991,3831}. APMF does not 

fulfil the criteria for inclusion in any of the 

previously described groups; i.e. acute 

myeloid leukaemia (AML) with recurrent 

genetic abnormalities, acute myeloid 

leukaemia with myelodysplasia-related 

changes, or therapy-related acute mye¬ 

loid leukaemia. 

ICD-0 code 9931/3 

Synonyms 
Acute panmyelosis, NOS; acute (malig¬ 

nant) myelofibrosis; acute (malignant) 

myelosclerosis, NOS; malignant myelo¬ 

sclerosis; acute myelofibrosis; acute my¬ 

elosclerosis, NOS 

Epidemiology 
APMF is a very rare form of AML. It oc¬ 

curs de novo and is primarily a disease 

of adults, but has also been reported in 

children. 

Clinical features 
Patients are acutely sick at presentation, 

with severe constitutional symptoms in¬ 

cluding weakness and fatigue. Fever and 

bone pain are also common. Pancyto¬ 

penia is always present. There is no or 

only minimal splenomegaly. The clinical 

evolution is usually rapidly progressive 

{3986}. 

Microscopy 
The peripheral blood shows pancyto¬ 

penia, which is usually marked. The 

red blood cells show no or minimal an- 

isopoikilocytosis and variable macrocy- 

tosis; rare erythroblasts can be seen, but 

teardrop-shaped cells (dacryocytes) are 

not observed. Occasional neutrophil pre¬ 

cursors, including blasts, may be seen. 

Dysplastic changes in myeloid cells are 

frequent, but the criteria for AML with 

myelodysplasia-related changes are not 

met. Abnormal platelets may be noted. 

Bone marrow aspiration is frequently un¬ 

successful; either no bone marrow can 

be obtained or the specimen is subopti- 

mal. Bone marrow biopsy supplemented 

with immunohistochemistry is required 

for diagnosis {3837,3986}. The bone mar¬ 

row is hypercellular and shows, within a 
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diffusely fibrotic stroma, increased ery- 

throid precursors, increased granulocyte 

precursors, and increased megakaryo¬ 

cytes; i.e. there is panmyelosis, which is 

variable in terms of the relative propor¬ 

tion of each component. Characteristic 

findings include foci of blasts associated 

with conspicuously dysplastic megaka¬ 

ryocytes predominately of small size with 

eosinophilic cytoplasm showing variable 

degrees of cytological atypia, including 

the presence of hyposegmented or non- 

lobated nuclei with dispersed chromatin, 

Micromegakaryocytes may be present 

but should not be counted as blasts. The 

visibility of the small megakaryocytes may 

be improved with periodic acid-Schiff 

(PAS) staining and immunohistochemis- 

try {3986). The overall frequency of blasts 

in APMF marrows is variable; based on 

bone marrow biopsy, a median value of 

22,5% was found in one study (2991). 

Most cases have a range of 20-25%, 

The degree of marrow fibrosis is variable. 

In most patients, reticulin staining shows 

markedly increased fibrosis with coarse 

fibres; diffuse collagenous fibrosis is less 
common. 

Differential diagnosis 
The major differential diagnosis of APMF 

includes other types of AML with as¬ 

sociated bone marrow fibrosis, includ¬ 

ing acute megakaryoblastic leukaemia 

(2991). Usually less problematic is the 

distinction from primary myelofibrosis, 

post-polycythaemia vera myelofibrosis, 

post-essential thrombocythaemia mye¬ 

lofibrosis, and other neoplasms that can 

be encountered in a myelofibrotic bone 

marrow such as metastatic malignancies 

with a desmoplastic stromal reaction. It 

can be difficult to distinguish APMF from 

AML (especially cases with myelodyspla¬ 

sia-related changes and myelofibrosis) or 

acute megakaryoblastic leukaemia with 

myelofibrosis, particularly if no specimen 

suitable for cytogenetic analysis can be 
obtained. 

If the proliferative process is predomi¬ 

nantly of one cell type (i.e, myeloblasts) 

and there is associated myelofibrosis, the 

case should be classified as AML with a 

specific subtype (e.g. myelodysplasia-re¬ 

lated) and designated with the qualifying 

phrase 'with myelofibrosis’. Acute mega¬ 

karyoblastic leukaemia is associated with 

the presence of >20% blasts, of which 

>50% are megakaryoblasts. Usually they 

do not express CD34. In contrast, the 

blasts of APMF are myeloid and poorly 

differentiated, express CD34, do not ex¬ 

press megakaryocytic markers, and are 

associated with a panmyelotic prolifera¬ 

tive process that involves all of the major 

bone marrow cell lines (2991). 

Another difficult distinction is from cases 

of myelodysplastic syndrome (MDS) with 

excess blasts associated with marrow fi¬ 

brosis, which can share most of the mor¬ 

phological findings seen in APMF. How¬ 

ever, bone marrow biopsy supplemented 

by immunohistochemistry reveals more 

blasts in APMF than in MDS with excess 

blasts. Clinically, APMF can be distin¬ 

guished from MDS by its more-abrupt 

onset with fever and bone pain. APMF is 

distinguished from primary myelofibrosis 

by its more numerous blast cells, and the 

megakaryocytes in primary myelofibrosis 

show distinctive cytological characteris¬ 

tics, The presence of a metastatic malig¬ 

nancy or (rarely) a lymphoid disorder can 

be excluded by studies with appropriate 

antibodies. 

Immunophenotype 
If the bone marrow specimen obtained 

for immunological markers is adequate or 

if circulating blasts are present, the cells 

show phenotypic heterogeneity, with var¬ 

ying degrees of expression of myeloid- 

associated antigens. The blasts usually 

express the progenitor/early precursor 

marker CD34 and one or more myeloid- 

associated antigens: CD13, CD33, and 

KIT (CD117) (2991,3837,3986). MPO is 

usually negative in the blasts. In some 
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cases, some of the immature cells ex¬ 

press erythroid antigens. Immunohis¬ 

tochemistry can facilitate determination 

of the relative proportions of the various 

myeloid components in the biopsy speci¬ 

men, and is generally used to confirm 

the multilineage nature of the prolifera¬ 

tion. This is usually done using a panel of 

antibodies that includes MPO, lysozyme, 

megakaryocytic markers (e.g. CD61, 

CD42b, CD41, and von Willebrand fac¬ 

tor), and erythroid markers (e.g. CD71, 

glycophorin, and haemoglobin A). These 

confirm the presence of panmyelosis 

and allow exclusion of specific uniline- , 

age-predominant proliferations, such as 

acute megakaryoblastic leukaemia. | 

Cell of origin i 
The postulated cell of origin is a haemato- I 

poietic stem cell. The fibroblastic prolif- j 
eration is secondary. j 

Genetic profile I 
If the specimen obtained for cytoge- j 

netic analysis is adequate, the results I 
are usually abnormal. The presence | 

of a complex karyotype, frequently in- .j 

volving chromosomes 5 and/or 7, such i 

as loss of chromosome 5 or del(5q), or i 
loss of chromosome 7 or del(7q)] (3986) ■ 
should result in a diagnosis of AML with j 

myelodysplasia-related changes, rather j 

than acute panmyelosis, as should the ' 

presence of any other MDS-related cyto- j 

genetic abnormality, ! 

Prognosis and predictive factors j 
The disease is usually associated with j 

poor response to chemotherapy and sur- ’ 

vival times of only a few months {2991, | 
3837). i 

ii 
f 



Myeloid sarcoma 

Definition 
A myeloid sarcoma is a tumour mass 

consisting of myeloid blasts, with or with¬ 

out maturation, occurring at an anatomi¬ 

cal site other than the bone marrow. Infil¬ 

tration of any site of the body by myeloid 

blasts in a patient with leukaemia is not 

classified as myeloid sarcoma unless it 

presents with tumour masses in which 

the tissue architecture is effaced. 

ICD-0 code 9930/3 

Synonyms 
Granulocytic sarcoma; chloroma; 

extramedullary myeloid tumour 

Epidemiology 
There is a predilection for males and older 

individuals, with a male-to-female of 1.2:1 

and a median patient age of 56 years 

(range: 1 month to 89 years) (1144,3177). 

Myeloid sarcoma has been the subject 

of >2000 case reports indexed in Pub- 

Med, but only a few comprehensive stud¬ 

ies have been conducted (60,238,1144, 

2768,2846,3177,3423,4049,4424), which 

reflects both the rarity of the neoplasm 

and the difficulties encountered in its 

treatment. 

Etiology 
The etiology of myeloid sarcoma is the 

same as that of acute myeloid leukae¬ 

mia (AML) and other myeloid neoplasms, 

such as myelodysplastic syndrome 

(MDS) and myeloproliferative neoplasm 

(MPN). Although most cases of myeloid 

sarcoma occur as de novo neoplasms, 

some may be therapy-related. 

Localization 
Almost any site in the body can be in¬ 

volved; the most frequently affected are 

the skin, lymph nodes, gastrointestinal 

tract, bone, soft tissue, and testes (1144, 

3177). In <10% of cases, myeloid sarco¬ 

ma presents at multiple anatomical sites 

(1144,3177). 

Clinical features 
Myeloid sarcoma oocurs in the absence 
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of an underlying AML or other myeloid 

neoplasm in about one quarter of cases; 

its detection should be considered equiv¬ 

alent of a diagnosis of AML. It may pre¬ 

cede or coincide with AML or constitute 

acute blastic transformation of MDSs, 

myelodysplastic/myeloproliferative neo¬ 

plasms (MDS/MPNs), or MPNs (1144, 

3177). 

Isolated myeloid sarcoma occurs in 

8-20% of patients who have undergone 

allogeneic stem cell transplantation 

(3177); the reasons for this are unclear, 

but might be related to graft-versus-leu- 

kaemia surveillance or the biology of high- 

risk AML treated with transplantation. 

Myeloid sarcoma can be the initial mani¬ 

festation of relapse in a patient with pre¬ 

viously diagnosed AML, regardless of 

blood or bone marrow findings (3177). 

Myeloid sarcoma can also be associated 

with a simultaneous or previously treated 

non-Hodgkin lymphoma (e.g. follicular 

lymphoma; mycosis fungoides; or pe¬ 

ripheral T-cell lymphoma, NOS), or with 

a previous history of non-haematopoietic 

tumour (e.g. germ cell tumour, prostatic 

carcinoma, endometrial carcinoma, 

breast cancer, or intestinal adenocarci¬ 

noma) (3177); in the setting of such a his¬ 

tory, myeloid sarcoma might be second¬ 

ary to prior chemotherapy (3177). 

Microscopy 
Myeloid sarcoma most commonly con¬ 

sists of myeloblasts with or without fea¬ 

tures of promyelocytic or neutrophilic 

maturation. In a significant proportion 

of cases, it displays myelomonocytic or 

pure monoblastio morphology (1144, 

3177). Tumours predominantly com¬ 

posed of erythroid precursors or mega- 

karyoblasts are rare and have been re¬ 

ported more often in conjunction with 

blast transformation of MPN (3177). Ar¬ 

chitecturally, at extranodal sites neoplas¬ 

tic cells frequently mimic metastatic car¬ 

cinoma by forming cohesive nests and/or 

single files surrounded by fibrotic septa. 

In the lymph node, they can either infil¬ 

trate the paracortex surrounding reactive 

follicles or grow diffusely, often extending 

into the perinodal fat. 

Cytochemistry 
On imprints, cytochemical stains for 

MPO, naphthol AS-D chloroacetate es¬ 

terase (CAE), and non-specific esterase 

may enable differentiation of granulocyt¬ 

ic-lineage forms (positive for MPO and 

CAE) and monoblastic forms (positive for 

non-specific esterase). In addition, CAE 

reaction can be applied to routine sec¬ 

tions, although the results may depend 

on fixation and decalcifying agents. 

Fig. 8.40 Myeloid sarcoma. The tumour consists of blasts with scant cytoplasm and round-oval nuclei with finely 

dispersed chromatin and minute but distinct nucleoli. Mitotic figures are numerous. Neoplastic cells strongly express 

MPO (inset). 
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Fig. 8.41 Myeloid sarcoma. On skin biopsy with staining 

for NPM1, ieukaemicceiis infiltrating the derma show, in 

addition to the expected nuclear positivity, aberrant cy¬ 

toplasmic expression of NPM1, which indicates the pres¬ 

ence of NPM1 mutation; cells of the overlying epidermis 

show a nuclear-restricted positivity for NPM1. 

Differential diagnosis 
The major differential diagnosis is with 

malignant lymphoma. The diagnosis of 

myeloid sarcoma is validated by the re¬ 

sults of cytochemical and/or immunophe- 

notypic analyses. These allow the dis¬ 

tinction of myeloid sarcoma from B- and 

T-lymphoblastic leukaemia/lymphoma, 

Burkitt lymphoma, diffuse large B-cell 

lymphoma, small round cell tumours (In 
particular in children), and blastic plas- 

macytoid dendritic cell neoplasm (3177), 

Myeloid sarcoma must be distinguished 

from non-effacing extramedullary blastic 

proliferations, which can occur in AML or 

in conjunction with acute transformation 

of MPN, MDS, or MDS/MPN, as well as 

from extramedullary haematopoiesis fol¬ 

lowing the administration of growth fac¬ 

tors that can produce pseudotumoural 

masses in virtually every part of the body 

{2915,3177}. Nodular accumulations of 

mature haematopoietic cells can occur 

in advanced-stage MPN. Although they 

may clinically mimic myeloid sarcoma, 

the often trilineage haematopoiesis and 

the lack of a significant blast component 

confirm a diagnosis of extramedullary 

haematopoiesis (myeloid metaplasia) 

and exclude myeloid sarcoma {3177, 

3232}. 

Immunophenotype 
On immunohlstochemistry In paraf¬ 

fin sections, tumours with a more im¬ 

mature myeloid profile express CD33, 

CD34, CD68 (KP1 but not PGM1), and 

KIT (CD117). Staining for TdT, MPO, and 

CD45 is inconsistent {1144,2039,3177, 

4424). Promyelocytic cases lack CD34 

and TdT but express MPO and CD15. 

Myelomonocytic tumours are homoge¬ 

neously positive for CD68/KP1, with MPO 

and CD68/PGM1 (or CD163) confined 

to distinct subpopulations, which are 

CD34-negative. The monoblastic variant 

expresses CD68/PGM1 and CD163 but 

lacks MPO and CD34. CD14 and KLF4 

are also useful markers {2915}. The rare 

erythroid cases show strong positivity 

for glycophorin A and C, as well as hae¬ 

moglobin and CD71. Megakaryoblastic 

myeloid sarcoma expresses CD61, LAT, 

and von Willebrand factor. CD99 staining 

is positive in more than half of all cases, 

with no association with a specific sub- 

type. About 20% of myeloid sarcomas 

show variable degrees of CD56 expres¬ 

sion, irrespective of their myeloid, myelo¬ 

monocytic, or monoblastic profile. Foci of 

plasmacytoid dendritic cell differentiation 

(CD123-h, CD303-h, but CD56-) are oc¬ 

casionally detected, more often In cases 

with inv(16) {4424}. About 16% of tu¬ 

mours stain for NPM1 at the nuclear and 

cytoplasmic level; this indicates the pres¬ 

ence of NPM1 mutations {1144}. Excep¬ 

tionally, aberrant antigenic expressions 

(cytokeratins, B-cell or T-cell markers, or 

CD30) are observed {2295,3177}. Cases 

that meet the criteria for mixed-pheno¬ 

type acute leukaemia are not classified 

as myeloid sarcoma. Flow cytometric 

analysis on cell suspensions reveals pos¬ 

itivity for CD13, CD33, KIT, and MPO In 

tumours with myeloid differentiation, and 

for CD14, CD163, and CDIIc in mono¬ 

blastic tumours. 

Postulated normal counterpart 
A haematopoietic stem cell 

Genetic profile 
By FISH and/or cytogenetics, chromo¬ 

somal aberrations are detected in about 

55% of cases. They include mono¬ 

somy 7; trisomy 8; KMT2A rearrange¬ 

ment; inv(16); trisomy 4; monosomy 16; 

loss of 16q, 5q, or 20q; and trisomy 11 

{3177}. About 16% of cases carry NPM1 

mutations, as evidenced by aberrant cy¬ 

toplasmic NPM1 expression {1144,1149}. 

Such cases frequently have myelomono¬ 

cytic or monoblastic morphology, CD34 

negativity, normal karyotype, and mutual 

exclusivity with MDS or MPN {1144,1149}. 

Interestingly, next-generation sequenc¬ 

ing studies show a much higher (>50%) 

prevalence of NPM1 mutations in AML 

Fig. 8.42 Interphase FISH with CBFB dual-colour break- 

apart rearrangement probe shows splitting of the gene: 

one red and one green signal appear separately in the 

nucleus, and the normal CBFB allele appears as a fused 

red/green signal. 

involving the skin, and 75% of these cas¬ 

es have monocytic features {2419}. The 

t(8;21)(q22;q22) observed in paediatric 

series seems to be less frequent in adult¬ 

hood {516,3177,3596}. Inv(16) or amplifi¬ 

cation of CBFB has been linked to breast, 

uterus, or intestinal involvement and pos¬ 

sible foci of plasmacytoid dendritic cell 

differentiation {60,2475,3177}. Trisomy 8 

and KMT2A-MLLT3 fusion seem to 

have a higher incidence in myeloid sar¬ 

coma involving the skin or breasts {60, 

3177,4373}. In one series, FLT3 internal 

tandem duplication (FLT3-ITD) was ob¬ 

served in < 15%> of cases {111}. 

Prognosis and predictive factors 
Clinical behaviour and response to thera¬ 

py do not seem to be influenced by age, 

sex, anatomical site(s) involved, type of 

presentation (with or without clinical his¬ 

tory of AML, MDS, MDS/MPN, or MPN), 

therapy-relatedness, histological fea¬ 

tures, immunophenotype, or cytogenetic 

findings {3177}. Radiotherapy or surgery 

is sometimes used upfront in patients 

who need debulking or rapid symptom 

relief {238,4424}. Patients who undergo 

allogeneic or autologous bone marrow 

transplantation seem to have a higher 

probability of prolonged survival or cure 

{452,3177); in one study, the 5-year over¬ 

all survival rate among 51 patients with 

myeloid sarcoma treated with allogeneic 

bone marrow transplantation was 47% 

{706}. 
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Myeloid proliferations associated with 
Down syndrome 

Arber D.A. 

Baumann I. 
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Individuals with Down syndrome have an 

increased risk of leukaemia (1229,4269). 

This increased risk is variously estimated 

at 10- to 100-fold and extends into adult¬ 

hood. The incidence ratio of lymphoblas¬ 

tic leukaemia to acute myeloid leukaemia 

(AML) in children aged <4 years with 

Down syndrome is 1.0:1.2, whereas the 

ratio in the same age group of children 

without Down syndrome is 4:1. There 

is an approximately 150-fold increase 

in AML in children aged <5 years with 

Down syndrome; acute megakaryoblas- 

tic leukaemia accounts for 70% of cases 

of AML in children aged <4 years with 

Down syndrome, versus only 3-6% in 

children without Down syndrome, 

The acute megakaryoblastic leukaemia 

that occurs in children with Down syn¬ 

drome has unique morphological, im- 

munophenotypic, molecular genetic, and 

clinical characteristics that distinguish it 

from other forms of acute megakaryo¬ 

blastic leukaemia, including GATA1 mu¬ 

tations {1447,2216,2438,3437}. These 

features serve as the rationale for the 

recognition of this form of leukaemia as a 

distinct type in the WHO classification. In 

addition, approximately 10% of neonates 

with Down syndrome manifest a haema- 

tological disorder referred to as transient 

abnormal myelopoiesis (or transient my¬ 

eloproliferative disorder), which may be 

morphologically indistinguishable from 

the predominant form of AML in children 

with Down syndrome (456,2544). This 

disorder resolves spontaneously over 

a period of several weeks to 3 months. 

In 20-30% of cases, non-remitting acute 

megakaryoblastic leukaemia subse¬ 

quently develops within 1-3 years. 

The aforementioned disorders, which oc¬ 

cur in specific age groups in individuals 

with Down syndrome, have received the 

most attention, but other forms of acute 

leukaemia (both lymphoblastic leukae¬ 

mia and AML) also affect individuals with 

Down syndrome. Such cases should not 

automatically be classified as myeloid 

leukaemia associated with Down syn¬ 

drome; if they meet the diagnostic criteria 

for leukaemic disorders not associated 

with Down syndrome, they should be 

classified as such. The overall increased 

risk of leukaemia reported for individuals 

with Down syndrome applies for all types 

of leukaemias, not just those included in 

this category. To ensure that appropriate 

therapy is administered, the same ap¬ 

proach for characterizing specific types 

of leukaemia (including careful morpho¬ 

logical, immunophenotypic, cytogenetic, 

and molecular evaluation) must be used 

regardless of whether a patient has Down 

syndrome (4466). 

Transient abnormal 
myelopoiesis associated with 
Down syndrome 

Definition 
Transient abnormal myelopoiesis (TAM) 

associated with Down syndrome is a 

Fig. 8.43 Myeloid sarcoma. Transient abnormal myelo¬ 

poiesis (TAM) associated with Down syndrome. Blood 

smear from a 1-day-old infant with Down syndrome 

and TAM; the peripheral blood contained 55% blasts; 

cytogenetic analysis showed trisomy 21 as the sole ab¬ 

normality; the process resolved spontaneously over a 

period of 4 weeks. 

unique disorder of newborns with Down 

syndrome that presents with clinical and 

morphological findings indistinguishable 

from those of acute myeloid leukaemia. 

The blasts have morphological and im¬ 

munological features of megakaryocytic 

lineage. 

ICD-0 code 9898/1 

Epidemiology 
TAM is diagnosed in approximately 10% 

of newborns with Down syndrome, but the 

true incidence may be higher because a 

subset of patients are asymptomatic. It 

uncommonly occurs in phenotypically 

normal neonates with trisomy 21 mosai¬ 

cism, and is extremely rare in neonates 

without chromosome 21 abnormalities 

(3441,3555). 

Fig. 8.44 Myeloid leukaemia associated with Down syndrome in a 2-year-old child. A The peripheral blood and bone marrow smears contained multiple blasts, as illustrated 

in this bone marrow smear; many of the blasts contained numerous coarse basophilic, coloured granules, which were MPO-negative; cytogenetic study showed trisomy 8 in 

addition to trisomy 21. B Bone marrow trephine biopsy from the same patient shows numerous blasts and occasional megakaryocytes, including one with a unilobed nucleus. 

C Numerous cells are immunohistochemically reactive for CD61, including obvious megakaryocytes and several smaller cells. 
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Clinical features 
TAM associated with Down syndrome is 

usualiy diagnosed at the age of 3-7 days, 

but some patients are asymptomatic and 

diagnosed iater (3437,3438), At presen¬ 

tation, thrombocytopenia is most com¬ 

mon; other cytopenias are less frequently 

encountered. There may be a marked 

leukocytosis and the percentage of blasts 

in the peripheral blood may exceed the 

blast percentage in the bone marrow. 

Hepatosplenomegaly is often present. 

Less common clinical features include 

jaundice, ascites, respiratory distress, 

bleeding, and pericardial or pleural ef¬ 

fusions. Rarely, clinical complications in¬ 

clude skin rash, cardiopulmonary failure, 

hyperviscosity, splenic necrosis, renal 

failure, hydrops fetalis, and progressive 

hepatic fibrosis (1009,3438). In most pa¬ 

tients, the process undergoes spontane¬ 

ous remission within the first 3 months of 

life; a few children experience life-threat¬ 

ening or fatal clinical complications. 

Microscopy 
The morphological and immunopheno- 

typic features of TAM are similar to those 

seen in most cases of acute myeloid leu¬ 

kaemia associated with Down syndrome 

(2363). Peripheral blood and bone mar¬ 

row blasts often have basophilic cyto¬ 

plasm with coarse basophilic granules 

and cytoplasmic blebbing suggestive of 

megakaryoblasts. Some patients have 

peripheral blood basophilia; erythroid 

and megakaryocytic dysplasia is often 

present in the bone marrow (456). 

Immunophenotype 
The blasts in TAM have a characteristic 

megakaryoblastic immunophenotype 

(441,1939,2217). In most cases, they are 

positive for CD34, KIT (CD117), CD13, 

CD33, HLA-DR, CD4 (dim), CD41, CD42, 

CD110 (TPOR), IL3R, CD36, CD61, and 

CD71, often with aberrant expression of 

CD7 and CD56. The blasts are nega¬ 

tive for MPO, CD15, CD14, CDIIa, and 

glycophorin A. Immunohistochemistry 

with CD41, CD42b, and CD61 may be 

particularly useful for identifying blasts of 

megakaryocytic lineage in bone marrow 

biopsies. 

Postulated normal counterpart 
A haematopoietic stem cell 

Genetic profile 
In addition to trisomy 21, acquired GATA1 
mutations are present in blast cells of 

TAM (1447,1644,4222). The mutation re¬ 

sults in a truncated protein that appears 

to promote megakaryocytic proliferation 

(1923,4012), Gene array studies have 

suggested differences in expression 

between myeloid leukaemia associated 

with Down syndrome and TAM (435, 

2327,2596), and mutation studies have 

shown acquisition of additional mutations 

in cases that progress to acute leukae¬ 

mia (4434). 

Prognosis and predictive factors 
Although the disorder is characterized 

by a high rate of spontaneous remission, 

non-transient acute myeloid leukaemia 

develops 1-3 years later in 20-30% of 

these children (4500), indications for 

chemotherapy in TAM are not firmly es¬ 

tablished, but treatment for life-threat¬ 

ening hepatic, renal, or cardiac failure is 

sometimes necessary (3438). 

Myeloid leukaemia associated 
with Down syndrome 

Definition 
Among individuals with Down syndrome, 

the incidence rate of acute leukaemia 

during the first 5 years of life is 50 times 

the rate among individuals without Down 

syndrome. In Down syndrome, most 

cases of acute myeloid leukaemia (AML) 

are acute megakaryoblastic leukaemia, 

which accounts for >50% of all cases 

of acute leukaemia in Down syndrome 

beyond the neonatal period. AML often 

follows a prolonged myelodysplastic syn¬ 

drome (MDS)-like phase (2216), In indi¬ 

viduals with Down syndrome, there are 

no biological differences between MDS 

and overt AML; therefore, a comparable 

diagnostic differentiation algorithm is not 

relevant and would have no prognostic 

or therapeutic implications. Because this 

type of disease is unique to children with 

Down syndrome, the term ‘myeloid leu¬ 

kaemia associated with Down syndrome’ 

encompasses both MDS and AML. 

ICD-0 code 9898/3 

Synonym 
Acute myeloid leukaemia associated with 

Down syndrome 

Epidemiology 
The vast majority of children with myeloid 

leukaemia associated with Down syn¬ 

drome are aged <5 years. About 1-2% 

of children with Down syndrome develop 

AML during the first 5 years of life. Chil¬ 

dren with Down syndrome account for 

about 20% of all paediatric patients with 

AML/MDS (456,1009,1587). Myeloid leu¬ 

kaemia associated with Down syndrome 

occurs in 20-30% of children with a his¬ 

tory of transient abnormal myelopoiesis 

(TAM), and the leukaemia usually occurs 

1-3 years after TAM. 

Localization 
The blood and bone marrow are the prin¬ 

cipal sites of involvement. Extramedullary 

involvement, mainly of the spleen and 

liver, is almost always present as well. 

Fig. 8.45 Myeloid leukaemia associated with Down syndrome. Section of an abdominal lymph node from a child with 

Down syndrome and acute megakaryoblastic leukaemia; the node is completely replaced by blasts and occasional 

megakaryocytes, some of which are dysplastic. 
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Clinical features 
The disorder manifests predominantly in 

the first 3 years of life. The clinical course 

in children with <20% blast cells In the 

bone marrow appears to be relatively in¬ 

dolent, initially presenting with a period 

of thrombocytopenia. A preleukaemic 

phase comparable to refractory cytope- 

nia of childhood generally precedes MDS 

with excess blasts or overt leukaemia. 

Microscopy 
In the preleukaemic phase, which can 

last for several months, the disease has 

the features of refractory cytopenia of 

childhood lacking a significant increase 

of blasts. Erythroid cells are macro¬ 

cytic. Dysplastic features may be more 

pronounced than in primary refractory 

cytopenia. 

In cases of AML, blasts and occasionally 

erythroid precursors are usually present 

in the peripheral blood. Erythrocytes of¬ 

ten show considerable anisopoikilocyto- 

sis, and dacryocytes can be observed. 

The platelet count is usually decreased, 

and giant platelets may be observed. 

In the bone marrow aspirate, the mor¬ 

phology of the leukaemic blasts shows 

distinctive features, with round to slightly 

Irregular nuclei and a moderate amount 

of basophilic cytoplasm; cytoplasmic 

blebs may be present. The cytoplasm 

of a variable number of blasts contains 

coarse granules resembling basophilic 

granules. The granules are generally 

MPO-negative. Erythroid precursors of¬ 

ten show megaloblastic changes and 

dysplastic forms, including binucle- 

ated or trinucleated cells and nuclear 

fragments. Dysgranulopoiesis may be 

present. 

The bone marrow core may show a 

dense network of reticulin fibres, making 

adequate bone marrow aspiration dif¬ 

ficult or impossible. Erythropoiesis may 

be increased in cases with a low blast 

percentage, and decreases with disease 

progression. Maturing cells of neutro¬ 

phil lineage are usually decreased. In 

cases with a dense blast cell Infiltrate, 

rare dysplastic megakaryocytes may 

be seen. In other cases, megakaryo¬ 

cytes may be markedly increased, with 

clusters of dysplastic small forms and 

micromegakaryocytes. 

Immunophenotype 
Leukaemic blasts in acute megakaryo- 

cytic leukaemia associated with Down 

syndrome have an immunophenotype 

similar to that of blasts in TAM {1939, 

2217}. In most cases, the blasts are posi¬ 

tive forKIT(CD117), CD13, CD33, CDIIb, 

CD7, CD4, CD42, CD110 (TPOR), IL3R, 

CD36, CD41, CD61, and CD71, and are 

negative for MPO, GDIS, CD14, and gly- 

cophorin A {4243}. But unlike in TAM, 

CD34 is negative in 50% of cases, and 

approximately 30% of cases are negative 

for CD56 and CD41. Leukaemic blasts in 

other types of AML associated with Down 

syndrome have phenotypes correspond¬ 

ing to the particular AML category. 

Antibodies to CD41, CD42b, and CD61 

may be particularly useful for identifying 

cells of megakaryocytic lineage in immu- 

nohistochemical preparations. 

Postulated normal counterpart 
A haematopoietic stem cell 

Genetic profile 
In addition to trisomy 21, somatic mu¬ 

tations of the gene encoding the tran¬ 

scription factor GATA1 are considered 

pathognomonic of TAM associated with 

Down syndrome or MDS/AML-associated 

with Down syndrome {1447,1644,2438}. 

Children aged >5 years with myeloid leu¬ 

kaemia may not have GATA1 mutations, 

and such cases should be considered 

conventional MDS or AML. Trisomy 8 is 

a common cytogenetic abnormality in 

myeloid leukaemia associated with Down 

syndrome, occurring in 13-44% of pa¬ 

tients {1587,1609}. Monosomy 7 is very 

rare in myeloid leukaemia associated 

with Down syndrome. 

Although GATA1 mutations are present 

in both TAM and myeloid leukaemia as¬ 

sociated with Down syndrome, myeloid 

leukaemias in this setting appear to arise 

from a GATAI-mutant TAM clone that 

has acquired additional mutations. Impli¬ 

cated additional mutations include mu¬ 

tations of CTCF, EZH2, KANSU, JAK2, 
JAK3, MPL, SH2B3, and RAS pathway 

genes {1923,2895,3529,4434}. 

Prognosis and predictive factors 
The clinical outcome for young children 

with Down syndrome and myeloid leu¬ 

kaemia with GATA1 mutations is unique; 

these cases are associated with a better 

response to chemotherapy and a very 

favourable prognosis compared with that 

AML in children without Down syndrome 

{2216}. The children should be treated 

using Down syndrome-specific proto¬ 

cols. Myeloid leukaemia in older children 

with Down syndrome with GATA1 muta¬ 

tion has a poorer prognosis, comparable 

to that of AML in patients without Down 

syndrome {1287}. 
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CHAPTER 9 

Blastic plasmacytoid 

dendritic cell neoplasm 



Blastic plasmacytoid dendritic 
cell neoplasm 

Facchetti F. 
Petrella T. 
Pileri S.A. 

Definition 
Blastic plasmacytoid dendritic cell neo¬ 
plasm (BPDCN) is a clinically aggres¬ 
sive tumour derived from the precursors 
of plasmacytoid dendritic cells (PDCs, 
also called professional type I interferon- 
producing cells or plasmacytoid mono¬ 
cytes), with a high frequency of cutane¬ 
ous and bone marrow involvement and 
leukaemic dissemination. 

ICD-0 code 9727/3 

Synonyms 
Blastic NK-cell lymphoma (obsolete); 
agranular CD4-i- NK leukaemia (obso¬ 
lete); blastic NK leukaemia/lymphoma 
(obsolete); agranular CD4-t- CD56-t- hae- 
matodermic neoplasm/tumour 

Epidemiology 
This rare form of haematological neo¬ 
plasm has no known racial or ethnic 
predilection. The male-to-female ratio is 
3.3:1. Most patients are elderly, with a 
mean/median patient age at diagnosis 
of 61-67 years, but this neoplasm can 
occur at any age, including in children 
(1209,1812). 

Etiology 
There are currently no clues to the etiolo¬ 
gy of BPDCN, but its association with my- 
elodysplastic syndrome (MDS) in some 
cases may suggest a related pathogen¬ 
esis. There is no association with EBV. 

Localization 
The disease tends to involve multiple 
sites, most commonly the skin (involved 
in 64-100% of cases), followed by the 
bone marrow and peripheral blood (in 
60-90%) and lymph node (in 40-50%) 
(2525,3151). 

Clinical features 
Skin manifestations are the most frequent 
clinical presentation of typical cases of 
BPDCN, and the diagnosis is made on 
skin biopsy. Patients usually present with 
asymptomatic solitary or multiple lesions. 
Three types of presentation are most 

commonly observed: an isolated (one or 
few) purplish noduie type (accounting for 
two thirds of cases), an isolated (one or 
few) bruise-like papule type, and a dis¬ 
seminated type with purplish nodules 
and/or papules and/or macules (820, 
1887). Isolated nodules are preferentially 
found on the head and lower limbs and 
can be > 10 cm in diameter. The isolated 
bruise-like papule type is clinically very 
challenging. The disseminated type is the 
most characteristic clinical presentation. 
In some patients lacking skin involve¬ 
ment and with leukaemic presentation, 
the diagnosis is made based on periph¬ 
eral blood or bone marrow analyses. Re¬ 
gional lymphadenopathy at presentation 
is common (seen in 20% of cases). Pe¬ 
ripheral blood and bone marrow involve¬ 
ment can be minimal at presentation, but 
invariably develops with progression of 
disease. Oral mucosal infiltration may be 

seen. Cytopenias (especially thrombo¬ 
cytopenia) can occur at diagnosis and 
in a minority of cases is severe, indicat¬ 
ing bone marrow failure (1209). Follow¬ 
ing initial response to chemotherapy, 
relapses invariably occur. Involving skin 
alone or skin and other sites, including 
soft tissue and the CNS. In most cases, a 
fulminant leukaemic phase ultimately de¬ 
velops (1209). About 10-20% of cases 
of BPDCN are associated with or devel¬ 
op Into other myeloid neoplasms, most 
commonly chronic myelomonocytic leu¬ 
kaemia, but also MDS or acute myeloid 
leukaemia (AML) (1209,1618,2004,3151, 
3332,4206). 
BPDCN must be distinguished from 
mature plasmacytoid dendritic cell pro¬ 
liferation (MPDCP), in which PDCs are 
morphologically mature and CD56-neg- 
ative. This condition may be associated 
with cutaneous lesions (rash, macules 

Fig. 9.01 Blastic plasmacytoid dendritic cell neoplasm. A Skin tumour and plaques. B The neoplastic cells are 
medium-sized, with fine chromatin and scanty cytoplasm, reminiscent of undifferentiated blasts. C Massive dermal 
infiltrate diffusely involves the dermis and extends into subcutaneous fat, but spares the epidermis. 
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or papules, and rarely nodules) together 

with lymph node and/or bone marrow in¬ 

filtration. MPDCP is invariably associated 

with a myeloid disorder (most commonly 

chronic myelomonocytic leukaemia, 

MDS, or AML) {869,3155,4191,4206). 

Microscopy 
BPDCN is characterized by a diffuse, 

monomorphous infiltrate of medium¬ 

sized blast cells resembling either lymph¬ 

oblasts or myeloblasts. Nuclei have ir¬ 

regular contours, fine chromatin, and one 

to several small nucleoli. The cytoplasm 

is usually scant and appears greyish- 

blue and agranular on Giemsa staining. 

Mitoses are variable in number, and the 

Ki-67 proliferation index is 20-80%; an- 

gioinvasion and coagulative necrosis are 

absent {820,1887,2004,3182}. 

In cutaneous infiltrates, the dermis is usu¬ 

ally massively involved, with extension to 

the subcutaneous fat; the epidermis and 

adnexa are spared, with rare exceptions 

{820), Lymph nodes are diffusely involved 

in the interfollicular areas and medulla, 

whereas B cell follicles are often spared. 

Bone marrow biopsy shows either a mild 

interstitial infiltrate (detectable only by im- 

munophenotyping) or massive replace¬ 

ment; residual haematopoietic tissue may 

exhibit dysplastic features, especially in 

megakaryocytes (3151). On peripheral 

blood and bone marrow smears, tumour 

cells may show cytoplasmic microvacu¬ 

oles localized along the cell membrane 

and pseudopodia; granules and crystals 

are absent {1209). 

Cytochemistry 
The neoplastic cells In BPDCN are 

negative with alpha-naphthyl butyrate 

esterase, naphthol AS-D chloroacetate 

esterase (CAE), and MPO cytochemical 

reactions {300,1209,2004,3332}. 

Immunophenotype 
The tumour cells express CD4, CD43, 

CD45RA, and CD56, as well as the PDC- 

associated antigens CD123 (IL3 alpha- 

chain receptor), CD303, TCL1A, CD2AP, 

and SPIB and the type I interferon-de¬ 

pendent molecule MX1 {107,406,1618, 

1887,2497,2702,3151,3152,3157,3182, 

3248,3332). Recently, the TCF4 (E2-2) 

transcription factor, which is essential 

to drive PDCs development, was found 

to represent a faithful diagnostic mark¬ 

er for BPDCN {605B}. in about 8% of 

cases, CD4 or CD56 is negative, which 

Fig. 9.02 Elastic plasmacytoid dendritic cell neoplasm. The neoplastic cells show immunoreactivity for CD4 (A), CD56 

(B), CD123 (C), TCL1A(D), CD303 (E), BCL11A(F), 

does not rule out the diagnosis if other 

PDC-associated antigens (in particular 

CD123, TCL1A, or CD303) are expressed 

{53,406,1887), Tumours that have some 

immunophenotypic features of BPDCN 

may be better classified as one of the 

subtypes of acute leukaemia of ambigu¬ 

ous lineage. CD68 (an antigen typically 

expressed strongly on normal PDCs) is 

detected in 50-80% of cases, in the form 

of small cytoplasmic dots {3151,3157}. Cf 

the lymphoid and myeloid-associated 

antigens, CD7 and CD33 are relatively 

commonly expressed; some cases 

show expression of CD2, CDS, CD36, 

CD38, and CD79a, whereas CD3, CD13, 

CD16, CD19, CD20, LAT, lysozyme, and 

MPC are negative. Granzyme B, which 

is found in normal PDCs, has also been 

demonstrated on flow cytometry im- 

munophenotyping and mRNA analysis 

in BPDCN {663,1410), but it is typically 

negative on tissue sections, as are oth¬ 

er cytotoxic molecules such as perforin 

and TIA1, In addition to CD56, BPDCN 

•p * St f .k - 

Fig 9.03 Blastic plasmacytoid dendritic cell neoplasm. 

The neoplastic cells show immunoreactivity for CD68 in 

the form of small perinuclear dots. 

may also express other antigens that are 

usually negative in normal PDCs, such 

as BCL6, IRF4, and BCL2 {820} (with 

BCL2 potentially acting against tumour 

cell apoptosis {3520}), In addition, S100 

protein is expressed in 25-30% of all 

oases {1887}, and even more frequently 

in paediatric cases {1847,1849}; the zonal 

distribution of this antigen and its vari¬ 

able expression in tumour cells may re¬ 

flect divergent subclones with maturation 
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Fig. 9.04 Elastic plasmacytoid dendritic cell neoplasm. A Bone marrow involvement shows uniform atypical cells, reminiscent of lymphoblasts. B Leukaemic cells in bone marrow 

aspirate and blood (inset); the blasts show finely dispersed chromatin and abundant cytoplasm that contains microvacuoles (inset). 

along the dendritic cell pathway (1847, 

1887). TdT is positive in about one third of 

cases, with expression in 10-80% of the 

cells {985,1887,2497,2546,3152,3153). 

Occasional cases express KIT (GD117). 

CD34 is negative on sections (663,820, 

1977.3151.3153.4065) , but has been 

found by flow immunophenotyping in 

17% of cases, all invariably associated 

with other-lineage CD34-f blasts (2525). 

EBV antigens and EBV-encoded small 

RNA (EBER) are negative. 

The identification of BPDCN by flow 

cytometry benefits from gate and inten¬ 

sity evaluation criteria (663,1209,1303, 

1410.4058.4065) . BPDCN is character¬ 

ized by high levels of CD123 and weak 

expression of CD45 (blast gate); in ad¬ 

dition, CD36, CD304, and LILRB4 (also 

called ILT3), but not CD141, are ex¬ 

pressed (4058,4065). The absence of lin¬ 

eage-associated antigens, together with 

positivity for CD4, CD45RA, CD56, and 

CD123, is considered a unique pheno¬ 

type virtually pathognomonic of BPDCN 

(4058); CD303 positivity has the highest 

diagnostic score within a panel of mark¬ 

ers used for BPDCN identification (1303). 

Subgroups of tumours may be identified 

on the basis of mutually exclusive expres¬ 

sion of antigens, such as TdT/CD303 

(1846), TdT/SlOO (1887), and CD34/KIT/ 

CD56 (2525). These subgroups may 

correspond to diverse levels of matura¬ 

tion and may be associated with differ¬ 

ent clinical presentations (2525), but their 

prognostic significance remains unclear. 

Among the antigens generally overex¬ 

pressed by BPDCN blasts, CD123 could 

serve as a therapeutic target of engin¬ 

eered monoclonal antibodies (108,506, 

1248,2877). 

Because other haematological neoplasms 

can share morphological and immuno- 

phenotypic features with BPDCN (es¬ 

pecially AML with monocytic differen¬ 

tiation, which can express CD4, CD56, 

and CD123 (987,3157,4206)), extensive 

immunohistochemical and/or genetic 

analysis is necessary before a defini¬ 

tive diagnosis of BPDCN can be made. 

BPDCNs must also be distinguished 

from MPDCPs associated with other my¬ 

eloid neoplasms, which are predominant¬ 

ly found in lymph nodes, skin, and bone 

marrow. MPDCPs consist of nodules or 

irregular aggregates composed of cells 

morphologically similar to normal PDCs; 

these nodules can be very numerous, 

are sometimes confluent, and may show 

prominent apoptosis. The PDCs in these 

nodules generally have the same phe¬ 

notype as their normal counterparts, al¬ 

though in occasional cases aberrant sin¬ 

gle or multiple antigen expression (e.g. 

of CD2, CD5, CD7, CD10, CD13, CD14, 

CD15, and/or CD33) has been reported 

(333.869.2497.4191.4206) . Most impor¬ 

tantly, CD56 is negative in most cases, 

or shows only focal and weak reactivity 

(1130.4206) . The PDCs in MPDCP have 

a low Ki-67 proliferation index (<10%) 

and lack TdT. Their neoplastic nature and 

relatedness with the associated myeloid 

neoplasm have been evidenced by the 

demonstration of identical clonal chro¬ 

mosomal abnormalities in the two cellular 

components (684,3177,4191). 

Cell of origin/normal counterpart 
The cell of origin is a haematopoietic 

stem cell; the normal counterpart is the 

precursor of PDCs. 

Data on antigen (663,664,1410,1618,1812, 

1846,3152,3157) and chemokine recep¬ 

tor expression (329), in vitro functional 

assays (329,664), gene expression pro- { 

filing (987,3520), and the tumour-derived ; 

cell lines (2437,2828) all point towards i 

derivation from the precursors of a spe- ' 

cial subset of dendritic cells; PDCs (597, ‘ 

1476,3739). In humans, these cells are I 

distinguished by their production of large 

amounts of type I interferon (598); they ' 

have been known by many names, such ' 

as lymphoblasts, T-cell-associated plas¬ 

ma cells, plasmacytoid T cells, and plas- ^ 

macytoid monocytes (1129). ; 

Recent gene expression profiling studies ; 

have revealed that the neoplastic cells 

show a gene expression signature similar ' 

to that of resting normal PDCs and closer 

to that of myeloid than of lymphoid pre¬ 

cursors (3520). The immunophenotypic ; 

heterogeneity with regard to TdT and the ' 

association with myeloid disorders sug¬ 

gest a multilineage potential for some ; 

cases. 

Furthermore, recent data obtained by i 

TCF4 (E2-2) ChlP-seq data and gene ex- ; 

pression changes following TCF4 knock- 

down revealed the similarity between i 

normal PDCs, BPDCN cell lines and 

primary BPDCN, distinguishing BPDCN ! 

from AML lines {605B). ; 

Genetic profile ( 
T-cell and B-cell receptor gene mutations !; 

are usually germline (3151,3332), except ( 

in a few cases that show T-cell receptor 

gamma rearrangement, possibly due to , 

clonal bystander T cells (53,3151). Two i 

thirds of patients with BPDCN have an ) 

abnormal karyotype. Specific chromo- ^ 

somal aberrations are lacking, but com¬ 

plex karyotypes are common; six major , 

recurrent chromosomal abnormalities ( 

have been recognized, involving 5q21 i 

or 5q34 (seen in 72% of cases), T2p13 ; 
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(in 64%), 13q13-21 (in 64%), 6q23-qter 

(in 50%), 15q (in 43%), and loss of chro¬ 

mosome 9 (in 28%) {2278,3153,3332). 

Genomic abnormalities mainly involve 

tumour suppressor genes or genes 

related to the G1/S transition {53,987, 

1840,2278,3153,3332,4312); the most 

recurrent being deletions of CDKN2A 
{2409,3795). Array-based comparative 

genomic hybridization shows recurrent 

deletions of regions on chromosomes 4 

(4q34), 9 (9p11-p13 and 9q12-q34), and 

13 (13q12-q31), with diminished expres¬ 

sion of tumour suppressor genes {RB1, 
LATS2), whereas elevated expression 

of the products of the oncogenes HES6, 
RUNX2, and FLT3 is not associated with 

genomic amplification {987). 

Gene expression analysis of BPDCN re¬ 

veals a unique signature, distinct from 

those of myeloid and lymphoid acute 

leukaemias {987,3520); this proves that 

BPDCN originates from the myeloid lin¬ 

eage; in particular, from resting PDCs 

{3520). Compared with normal PDCs, 

BPDCN shows Increased expression of 

genes involved in Notch signalling {987) 

and BCL2, as well as aberrant activation 

of the NF-kappaB pathway, which is a 

potential therapeutic target (3520). 

TET2\s the most commonly mutated gene 

in BPDCN (53,1840,2629), suggesting 

that it may play a role in tumour patho¬ 

genesis. Conflicting data on NPM1 muta¬ 

tions have been obtained; the mutations 

were absent in two series of BPDCN 

(1128,3795) and present in 20% of cases 

in another series (2629), although the 

finding of their presence requires further 

confirmation and functional validation. In 

one study, recurrent somatic mutations 

were detected in ASXL1, the RAS family 

of genes, and the newly identified genes 

IKZE3 and ZEB2: in addition, somatic 

mutations affecting genes involved in 

DNA methylation and chromatin remod¬ 

elling were detected in half of all cases 

(2629). Importantly, the same mutations 

have been previously observed in MDS 

and AML, further supporting the myeloid 

nature of BPDCN. More recently, targeted 

ultra-deep sequencing has revealed mu¬ 

tations in A/R/4S (present in 27,3% of cas¬ 

es); ATM {\n 21.2%); MET, KRAS, IDH2, 
and KIT (in 9.1% each); ARC and RB1 
(in 6,1% each); and VHL, BRAE, MLH1, 
TP53, and RET (in 3% each) (3795), 

Prognosis and predictive factors 
The clinical course is aggressive, with 

a median survival of 10.0-19,8 months, 

irrespective of the initial pattern of disease. 

Most cases (80-90%) show an initial re¬ 

sponse to multiagent chemotherapy, but 

relapses with subsequent resistance to 

drugs are regularly observed (820,1812, 

1888,3026,3151). 

Age has an adverse impact on progno¬ 

sis (315,3839), and long-term survival 

has been reported in 36% of paediat¬ 

ric patients (1847). Among biological 

parameters, high marrow or peripheral 

blood blastosis (3839), low TdT expres¬ 

sion {1846,3839), positivity for CD303 

(also called CLEC4C or BDCA2) (1846), 

low Ki-67 proliferation index (1887), 

CDKN2A/B deletions {2409), and muta¬ 

tions in DNA methylation pathway genes 

(2629) have been associated with shorter 

survival. Lymphoblastic leukaemia-ori¬ 

ented induction treatment seemed to be 

more effective than AML-oriented therapy 

in both children (1847) and adults (3026), 

which might be due to the deregulation of 

several genes in common with lympho¬ 

blastic leukaemia, resulting in higher sen¬ 

sitivity to drugs included in lymphoma/ 

lymphoblastic leukaemia-tailored regi¬ 

mens (3520), In patients in first complete 

remission, allogeneic haematopoietic 

stem cell transplantation has been rec¬ 

ommended as the best way to achieve 

long-term survival {861,1604,3400), even 

in elderly patients (with reduced-intensity 

conditioning) (984). 
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Acute leukaemias of ambiguous lineage 

Definition 
Acute leukaemias of ambiguous line¬ 

age are leukaemias that show no clear 

evidence of differentiation along a single 

lineage. They include acute undifferenti¬ 

ated leukaemias, which show no lineage- 

specific antigens, and mixed-phenotype 

acute leukaemias (MPALs), which have 

blasts that express antigens of more than 

one lineage to such a degree that it is not 

possible to assign the leukaemia to any 

one lineage with certainty. MPALs can 

contain distinct blast populations each 

of a different lineage, one population with 

multiple antigens of different lineages on 

the same cells, or a combination. The 

ambiguity of antigen expression most of¬ 

ten involves myeloid antigens coexisting 

with either T-cell or B-cell antigens, but 

rare cases of ambiguity of assignment 

between B-cell and T-cell lineages also 

occur. Leukaemia with well-defined line¬ 

age engagement but expressing one or 

more antigens associated with a different 

lineage should be considered acute leu¬ 
kaemia with aberrant antigen expression 

rather than MPAL. 

Epidemiology 
Ambiguous-lineage leukaemias are rare, 

accounting for <4% of all acute leukae¬ 

mia cases. Many cases that have been 

reported as undifferentiated leukaemia 

can in fact be demonstrated to be leu¬ 

kaemias of unusual lineages, and many 

cases that have been reported as biphe- 

notypic acute leukaemias may in fact be 

acute lymphoid or myeloid leukaemias 

with cross-lineage antigen expression; 

therefore, the true frequency of ambig¬ 

uous-lineage leukaemias may be even 

lower than reported. These leukaemias 

occur in both children and adults, but 

more frequently in adults, although some 

subtypes of MPAL may be more common 

in children {2013,3013). 

Terminology 
Historically, there has been confusion re¬ 

garding the terminology and definitions 

of all ambiguous-lineage leukaemias 

and in particular the MPALs. The term 

‘acute bilineage (or bilineal) leukaemia’ 

has been applied to MPALs containing 

separate populations of blasts of more 

than one lineage. The term ‘biphenotypic 

leukaemia’ has typically been reserved 

for MPALs containing a single population 

of blasts coexpressing antigens of more 

than one lineage {1539,2257,2578,3830}, 

but is sometimes used more broadly to 

also encompass bilineage leukaemias. 

In this volume, the term 'mixed-pheno¬ 

type acute leukaemia’ is applied to this 

group in general; the more specific terms 

‘B/myeloid leukaemia’ and ‘T/myeloid 

leukaemia’, as defined below, refer to 

leukaemias containing the two lineages 

VBCs 

CD13 PE-Cy7 

Borowitz M.J. 

Bene M.-C. 

Harris N.L. 

Porwit A. 

Matutes E. 

Arber D.A. 

specified, irrespective of whether one > 

or more than one population of blasts is j 

seen, , 

Some well-defined myeloid leukaemia i 

entities have immunophenotypic features ; 

that might suggest that they be classified I 
as B/myeloid or T/myeloid leukaemia. ,i 

However, the MPAL group, as defined i 

in this volume, excludes cases that can ' 

be classified (either by genetic or clini- ; 

cal features) in another category, such | 

as cases with the recurrent genetic ab- ; 

normalities t(8;21), inv(16), or PML-RARA I 

fusion, which are associated with acute \ 
myeloid leukaemia (AML); cases with { 

t(8;21) express multiple B-cell markers :i 

CD19 PE-CF594 
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i 

Fig. 10.01 B/myeloid mixed-phenotype acute leukaemia. Flow cytometry reveals a dominant, relatively homogene- ’ 
ous blast population (red) with bright CD34 and CD19, and little to no expression of myeloid antigens CD117 and ! 

CD13. The CD79a vs MPO plot is more heterogeneous, with the brighter CD79a (i.e. more lymphoid) population | 
expressing little or no MPO, and the MPO-positive cells lacking CD79a. Courtesy Dr B. Wood. ' f 
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Table 10.01 Requirements for assigning more than one lineage to a single blast population. 

Myeloid lineage 

MPO (by flow cytometry, immunohistochemistry, or cytochemistry) 
or 

Monocytic differentiation (>2 of the following: non-specific esterase, CD11c, CD14, CD64, lysozyme) 

T-cell lineage 

Cytoplasmic CD3 (by flow cytometry with antibodies to CDS epsilon chain. 

Immunohistochemistry using polyclonal anti-CD3 antibody may detect CD3 zeta chain, 

which is not T-cell-specific) 
or 

Surface CDS (rare in mixed-phenotype acute leukaemias) 

B-cell lineage (multiple antigens required) 

Strong CD19 

with > 1 of the following strongly expressed: CD79a, cytoplasmic CD22, CD10 
or 

WeakCD19 

with >2 of the following strongly expressed: CD79a, cytoplasmic CD22, CD10 

! especially frequently {3996). Cases of 

I leukaemia with FGFR1 rearrangements 

j are not considered to be T/myeloid leu- 

I kaemias either. Ali cases of chronic my- 

. eloid ieukaemia in biast crisis, AML with 

i myelodysplasia-related changes, and 

, therapy-related AML should be classified 

primariiy as such, with a secondary nota- 

i tion that they have a mixed phenotype if 

; applicabie, 

' General approach to diagnosis 
The diagnosis of ambiguous-iineage leu- 

; kaemias reiies on immunophenotyping. 

Fiow cytometry is the preferred method 

■ for establishing the diagnosis, especialiy 

when a diagnosis of MPAL requires dem- 

’ onstrating coexpression of lymphoid and 

' myeloid differentiation antigens on the 

, same ceil. Cases in which the diagnosis 

■ requires demonstration of two distinct 

: leukaemic populations with different phe¬ 

notypes can also be established by im- 

: munohistochemistry in tissue sections, 

or with cytochemical stains for MPO on 

smears coupled with flow cytometry to 

detect a leukaemic B-cell or T-cell lym¬ 

phoid population. The hallmark of MPAL 

is that the combination of antigens ex¬ 

pressed on the blast population or popu- 

i lations does not allow classification into 

a single lineage. There are several sce¬ 

narios in which this can occur. 

In the most straightforward scenario, 

there are two (or more) distinct popula- 

■ tions of leukaemic cells: one (or more) 

of which would independently fulfil the 

immunophenotypic criteria for AML and 

one (or more) the criteria for T- and/or 

B-lymphoblastic leukaemia (ALL); the 

^ specific antigens associated with these 

; diagnoses are described in the respec- 

' tive sections devoted to these diseases. 

However, although abnormal blasts must 

constitute >20% of all nucleated cells 

' overall, this need not be true of each dis¬ 

tinct population. Cases like these would 

’ previously have been considered biline- 

; age leukaemia. 

j In the second scenario, there is a domi- 

j nant single population of blasts that ex- 

I presses combinations of antigens that 

alone would be considered specific for 

j more than one lineage. There are also 

hybrid cases in which this dominant 

population is accompanied by one or 

i more minor populations with a different 

immunophenotype. In this setting, the 

criteria for classifying a leukaemia are 

more stringent (Table 10,01), and there 

are several caveats as to how the expres¬ 

sion of lineage-specific markers should 

be interpreted to achieve a diagnosis of 

MPAL. 

T-cell component of mixed-phenotype 
acute leukaemia 
The T-cell component of an MPAL is char¬ 

acterized by strong expression of cCD3, 

usually in the absence of surface CD3. 

For cCD3 to be T-cell-specific, it must be 

expressed strongly. Expression of cCD3 

is best determined by flow cytometry, 

using relatively bright fluorophores such 

as phycoerythrin or allophycocyanin. Al¬ 

though cCD3 expression is commonly 

heterogeneous, the brightest cCD3-pos- 

itive blasts should reach the intensity of 

the normal residual T cells present in the 

sample. Some cases of demonstrable 

T-ALL have cCD3 that is dimmer than 

this, but brighter expression is required 

to establish a diagnosis of MPAL. T-cell 

lineage can also be demonstrated by 

immunohistochemistry for CD3 expres¬ 

sion in blasts on bone marrow biopsies, 

but the polyvalent T-celi antibodies used 

in immunohistochemistry can also re¬ 

act with CD3 zeta chains that can be 

present in the cytoplasm of activated 

NK cells, and are therefore not absolutely 

T-ceil-specific, 

B-cell component of mixed-phenotype 
acute leukaemia 
The B-cell component of an MPAL is 

characterized by surface expression of 

CD19 together with CD10, or in the ab¬ 

sence of CD10, together with cCD79a, 

CD22, or PAX5 (with PAX5 typically de¬ 

tected by immunohistochemistry). As with 

cCD3 and T-cell lineage, bright CD19 

expression at a level comparable to that 

of normal B cells has considerable speci¬ 

ficity for the B-cell lineage, and is almost 

always expressed together with one or 

more of the other markers noted above; 

caution is required if CD19 is the only 

marker seen. If the expression of CD19 

is dimmer, the presence of at least two 

other markers is required. GDI 9 can even 

be negative with three other B-cell mark¬ 

ers present, but this is exceptionally rare. 

Myeloid component of mixed- 
phenotype acute leukaemia 
The single most specific hallmark of the 

myeloid component of an MPAL is MPO 

in the blast cytoplasm. In cases in which 

the myeloid component is monocytic, 

MPO can be negative and unequivocal 

evidence of monoblastic differentiation 

would be considered acceptable, in¬ 

cluding diffuse positivity for non-specif¬ 

ic esterase or expression of more than 

one monocytic marker, such as GDI 1c, 

GD14, GD36, GD64, or lysozyme. How¬ 

ever, despite the generally high specific¬ 

ity associated with MPO, using it as the 

sole diagnostic criterion for MPAL has 

been problematic, in part due to techni¬ 

cal factors associated with its measure¬ 

ment. Several anti-MPO antibodies have 

been shown to react with B-lymphoblas¬ 

tic leukaemia/lymphoma on flow cytome¬ 

try (2277,2815) or immunohistochemistry 

(131), and MPO staining on flow cyto¬ 

metry can appear positive but actually 
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constitute non-specific staining. Small 

numbers of cases of otherwise typical 

B-ALL have also been identified in which 

MPO is definitively positive by flow cy¬ 

tometry; the clinical significance of this is 

still uncertain. Therefore, a diagnosis of 

MPAL may not be appropriate for cases 

that otherwise have a typical precursor 

B-cell lymphoid phenotype with only a 

single blast population present; these 

should not be considered MPAL if weak 

MPO expression by flow cytometry is the 

only evidence of myeloid differentiation. 

Additional criteria that can be helpful for 

diagnosis include cytochemical positiv¬ 

ity for MPO, expression of myeloid anti¬ 

gens such as KIT (CD117) (2890), and 

very bright CD13 and CD33. However, 

the most recognizable feature of MPAL is 

that nearly all cases display a particular 

pattern of heterogeneity of antigen ex¬ 

pression: in appropriate dual-parameter 

displays, populations that are relatively 

bright for lymphoid markers show low¬ 

er-level expression of myeloid antigens, 

and vice versa (Figure 10.01). In such 

cases, the subset of blasts expressing a 

more myeloid pattern may be larger by 

forward scatter than the subset of those 

showing a lymphoid pattern. Caution 

should be exercised when making a di¬ 

agnosis of MPAL if such heterogeneity 

cannot be demonstrated. 

A recent report discussed a variety of 

cases of MPAL submitted to a session of 

the Society for Hematopathology/Euro- 

pean Association for Haematopathology 

Workshop that focused on acute leukae¬ 

mias of ambiguous origin {3222}. 

Other considerations 
MPAL cases with a single population of 

blasts at diagnosis (so-called bipheno- 

typic leukaemia) can change over time to 

(or can relapse as) a leukaemia contain¬ 

ing separate blast populations (so called 

bilineage leukaemia), and vice versa. 

Following therapy, persistent disease 

or relapse can also occur as pure ALL 

or AML, Some cases of what has been 

termed lineage switch (3047,3326) may 

reflect this phenomenon, 

A variety of genetic lesions have been 

reported in ambiguous lineage leukae¬ 

mias, especially in MPAL; two such le¬ 

sions, t(9;22)(q34.1;q11.2) resulting in 

BCR-ABL1 and translocations associat¬ 

ed with KMT2A (previously called MLL), 
occur frequently enough and are asso¬ 

ciated with such distinctive features that 

they are considered to define separate 

entities. 

Acute undifferentiated 
ieukaemia 

Definition 
Acute undifferentiated leukaemia ex¬ 

presses no markers considered to be 

specific for either lymphoid or myeloid 

lineage. Before categorizing a leukae¬ 

mia as undifferentiated, it is necessary 

to perform immunophenotyping with a 

comprehensive panel of monoclonal an¬ 

tibodies in order to exclude leukaemias of 

unusual lineages, such as those derived 

from plasmacytoid dendritic cell precur¬ 

sors, NK-cell precursors, basophils, or 

even non-haematopoietic tumours, 

ICD-0 code 9801/3 

Synonyms 
Blast cell leukaemia; stem cell leukaemia; 

stem cell acute leukaemia; undifferenti¬ 

ated leukaemia 

Epidemiology 
These leukaemias are very rare. Their 

precise frequency is unknown. 

Localization 
Acute undifferentiated leukaemia affects 

the bone marrow and blood. Due to the 

small number of cases reported to date, it 

is unknown whether there is any predilec¬ 

tion for other sites. 

Microscopy 
The blasts have no morphological fea¬ 

tures of myeloid differentiation. They are 

negative for MPO and esterase. 

Immunophenotype 
These leukaemias typically express no 

more than one membrane marker for any 

given lineage. By definition, they lack the 

T-cell and myeloid markers cCD3 and 

MPO and do not express B-cell mark¬ 

ers such as cCD22, cCD79a, or strong 

CD19. They also lack the specific fea¬ 

tures of cells of other lineages, such as 

megakaryocytes or plasmacytoid den¬ 

dritic cells. Blasts often express HLA-DR, 

CD34, and/or CD38 and may be positive 

for TdT, CD7, although often considered 

a T-cell antigen, is expressed weakly on 

some CD34-I- haematopoietic progeni¬ 

tors and may be similarly expressed in 

these leukaemias. 

Postulated normal counterpart 
A haematopoietic stem cell 

Genetic profile 
The limited data available suggest that 

genes associated with poor prognosis 

in acute myeloid leukaemia (such as 

BAALC, ERG, and MN1) are often ex¬ 

pressed, To date, there have been no re¬ 

ports of cases showing the genetic mu¬ 

tations commonly seen in lymphoblastic 

leukaemia or acute myeloid leukaemia, 

including FLT3, WT1, rearrangements of 

KMT2A (previously called MLL), or BCR- 
ABL1 {1599). 

Prognosis and predictive factors 
The limited data suggest that these leu¬ 

kaemias have a very poor prognosis 

{1599}. 

Mixed-phenotype acute 
ieukaemia with 
t(9;22)(q34.1;q11.2); 
BCR-ABL1 
Definition 
Mixed-phenotype acute leukaemia 

(MPAL) with t(9;22)(q34,1;q11.2) fulfils 

the criteria for MPAL and has blasts with 

t(9;22) and/or BCR-ABL1 rearrangement. 

Some patients with chronic myeloid leu¬ 

kaemia (CML) develop or even present 

with a mixed blast phase that would fulfil 

the criteria for MPAL; however, this diag¬ 

nosis should not be made in patients 

known to have had CML. 

ICD-0 code 9806/3 

Synonym 
Mixed-phenotype acute leukaemia with 

t(9;22)(q34;q11.2) 

Epidemiology 
Although t(9;22)(q34,1;q11.2) is the most 

common recurrent genetic abnormali¬ 

ty seen in MPAL, this leukaemia is rare, 

probably accounting for < 1% of all acute 

ieukaemia. It occurs in both children and 

adults, but is more common in adults 

{560,2013}. 

Clinical features 
Patients present similarly to other patients 

with acute leukaemia. Although there 

are not enough data to be certain, it is 

likely that patients with MPAL with t(9;22) 

(q34.1;q11,2) present with high -white 
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Fig. 10.02 B/myeloid mixed-phenotype acute leukaemia with t(9;22)(q34.1;q11.2). The blasts vary from small 

lymphoid-appearing blasts to large blasts with dispersed chromatin, prominent nucleoli, and a moderate amount of 
pale cytoplasm. 

j blood cell counts, similar to patients with 

' Philadelphia (Ph) chromosome-positive 

] lymphoblastic leukaemia. 

I 

j Microscopy 
j Many cases show a dimorphic blast 

! population, with some blasts resembling 

j lymphoblasts and others myeloblasts, 

I although other cases have no distin- 

‘ guishing features. Cases generally do 

1 not show significant myeloid maturation; 

i caution should be exercised when mak- 

: ing this diagnosis in a case of myeloid 

i leukaemia with maturation that also ex¬ 

presses lymphoid markers, because 

I such a pattern can also be seen in the 

I blast phase of CML. 
i 

Immunophenotype 
The great majority of cases have blasts 

that meet the criteria for B-cell and 

myeloid lineage, as described above, 

although some cases have T-cell and 

myeloid blasts. Triphenotypic cases have 

also rarely been reported. 

Postulated normal counterpart 
The postulated normal counterpart is a 

multipotent haematopoietic stem cell. 

There is no evidence that this leukaemia 

I derives from a different cell than do other 

I cases of Ph chromosome-positive acute 

! leukaemia. 

Genetic profile 
All cases have either t(9;22) detected by 

conventional karyotyping or the BCR- 
ABL1 translocation detected by FISH or 

PCR, The p190 fusion transcript is more 

common than the p210 transcript {4256}. 

If the p210 transcript is present, CML in a 

mixed blast crisis should be considered 

in the differential diagnosis, especially if 

there are two distinct lymphoid and mye¬ 

loid blast populations. Many cases have 

additional cytogenetic abnormalities, 

and complex karyotypes are common. 

Prognosis and predictive factors 
This type of leukaemia has a poor prog¬ 

nosis, which appears to be worse than 

that of other MPALs {2013}, in particular 

in adults {2583}, 

It is unclear whether the prognosis is 

worse than that of Ph chromosome-pos¬ 

itive lymphoblastic leukaemia. Some 

data suggest that treatment with tyrosine 

kinase inhibitors may improve outcome 

as is seen in lymphoblastic leukaemia 

with BCR-ABL1 {1973,3659}. There are 

no known biological factors that predict 

whether patients with this leukaemia will 

do better or worse with therapy. 

Mixed-phenotype acute 
leukaemia with t(v;11q23.3); 
KMT2A-rearranged 

Definition 
Mixed-phenotype acute leukaemia 

(MPAL) with t(v;11q23.3) fulfils the criteria 

for MPAL and has blasts with a transloca¬ 

tion involving KMT2A (previously called 

MLL). Many cases of lymphoblastic leu¬ 

kaemia (ALL) with KMT2A translocations 

express myeloid-associated antigens, 

but such cases should not be considered 

MPAL unless they fulfil the specific crite¬ 

ria noted above. 

ICD-0 code 9807/3 

Synonyms 
Mixed-phenotype acute leukaemia, 

t(v;11q23), MLL rearranged; mixed- 

phenotype acute leukaemia with MLL 
rearrangement 

Epidemiology 
This rare leukaemia is more common 

in children than in adults. Like ALL and 

acute myeloid leukaemia with KMT2A re¬ 

arrangements, this leukaemia is relatively 

more common in infancy {2013,3013}. 

Clinical features 
Patients present similarly to other pa¬ 

tients with acute leukaemia. As with other 

acute leukaemias with KMT2A transloca¬ 

tions, high white blood cell counts are 

common. 

Microscopy 
These leukaemias typically show a dimor¬ 

phic blast population, with some blasts 

clearly resembling monoblasts and oth¬ 

ers resembling lymphoblasts. However, 

some cases have no distinguishing fea¬ 

tures and appear only as undifferenti¬ 

ated blast cells. Cases in which the entire 

blast population appears monoblastic 

are more likely to be acute myeloid leu¬ 

kaemia with a KMT2A translocation, but 

this diagnosis requires flow cytometry to 

exclude the presence of a small lympho¬ 

blastic population, 

Immunophenotype 
In most cases, it is possible to recognize 

a lymphoblast population with a CD19-I-, 

CD10-, pro-B (B-cell precursor, B-1) im¬ 

munophenotype, frequently positive for 

CD15. Expression of other B-ceil mark¬ 

ers, such as CD22 and CD79a, is often 

weak. Cases also fulfil the criteria for 

myeloid lineage as defined above, most 

commonly via demonstration of a sepa¬ 

rate population of myeloid (usually mono¬ 

blastic) leukaemic cells {3013,4279}. Co¬ 

expression of MPO on lymphoid blasts 

is rare. Because KMT2A translocations 

can also produce T-ALL, it is theoretically 

possible that T/myeloid leukaemias with 

t(v;11q23.3) could occur, although no 

such cases have been reported. 

Genetic profile 
All cases have rearrangements of 

KMT2A, with the most common part¬ 

ner gene being AFF1 {AF4) on chromo¬ 

some 4 band q21.3 {560,3013}, Trans¬ 

locations t(9;11) and t(11;19) have also 
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been reported. The rearrangement may 

be detected by standard karyotyping, by 

FISH with a KMT2A break-apart probe, 

or (less commonly) by PCR. Cases with 

deletions of chromosome 11q23.3 de¬ 

tected by karyotyping should not be con¬ 

sidered part of this category. The KMT2A 
translocation may be the only lesion 

present or there may be secondary cy¬ 

togenetic or molecular abnormalities, but 

no additional genetic lesions common to 

multiple cases have been described. 

Prognosis and predictive factors 
This leukaemia has a poor prognosis 

(2013,4279). Patients with B/myeloid leu¬ 

kaemia with KMT2A translocations are 

often treated differently than are patients 

diagnosed with ALL with KMT2A translo¬ 

cations, but there is no evidence that this 

is necessary or beneficial. 

Mixed-phenotype acute 
leukaemia, B/myeioid, 
not otherwise specified 

Definition 
B/myeloid mixed-phenotype acute leu¬ 

kaemia (MPAL), not otherwise specified 

(NOS), fulfils the criteria for B/myeloid 

leukaemia as described above, but does 

not fulfil the criteria for any of the geneti¬ 

cally defined subgroups. 

ICD-0 code 9808/3 

Epidemiology 
This is a rare leukaemia, probably ac¬ 

counting for about 1% of all leukaemia 

cases. It occurs in both children and 

adults, but more commonly in adults. 

Microscopy 
Most cases either have blasts with no 

distinguishing features - morphologically 

resembling lymphoblastic leukaemia 

(ALL) - or have a dimorphic population 

with some blasts resembling lympho¬ 

blasts and others myeloblasts. 

Immunophenotype 
The blasts meet the criteria for both B- 

cell and myeloid lineage assignment as 

listed above. MPO-positive myeloblasts 

and monoblasts commonly also express 

other myeloid-associated markers, in¬ 

cluding CD13, CD33, and KIT (CD117). 

Expression of more mature B-cell mark¬ 

ers, such as CD20, is rare, occurring most 

CD3FITC MPO 

Fig. 10.03 B/myeloid mixed-phenotype acute leukaemia, NOS: flow cytometry histograms. A Side scatter (SSC) 

versus CD45 histogram showing a major population of dim CD45+ blasts; B-cell lymphoblasts are blue, residual 
normal B-cells red, and IV1PO+ cells (both blasts and residual normal cells) green. B and C The B-cell markers CD19 

and CD22 are strongly expressed on the B-cell lymphoid blasts, at levels comparable to those seen on the residual 

normal B-cells (in red). D Most of the B-cell blasts lack MPO and many of the non-B-cell blasts are MPO+; there is 

also a small population of blasts coexpressing CD19 and MPO. 

commonly when a separate population of 

B-cell lineage blasts is present (4279). 

Postulated normal counterpart 
The postulated normal counterpart is a 

multipotent haematopoietic stem cell. 

There is growing evidence of a possible 

relationship between B-cell and myeloid 

development, suggesting the involve¬ 

ment of either a common precursor or a 

precursor of one lineage that has reacti¬ 

vated a differentiation programme of the 

other (1974,2193). 

Genetic profile 
Most cases have clonal cytogenetic ab¬ 

normalities. Many different lesions have 

been demonstrated, although none com¬ 

monly enough to suggest specificity for 

this group of leukaemias. The lesions that 

have been seen in more than a single 

case include del(6p), 12p11.2 abnormali¬ 

ties, del (5q), structural abnormalities of 

chromosome 7, and numerical abnor¬ 

malities including near-tetraploidy (560, 

3013). Complex karyotypes are common 

(2487,2583). Gene expression profile 

studies suggest a signature intermedi¬ 

ate between that of ALL and that of acute 

myeloid leukaemia in most cases (3447). 

Mutations frequently found in either aoute 

myeloid or ALLs have also been reported 

in MPAL, including mutations of ASXL1, 
TET1/2, IDH1, IDH2 DNMT3A, NOTCH1, 
and ETV6, and deletion of IKZF1 (4414). 

There are as yet insufficient data in the lit¬ 

erature and too few reported cases to de¬ 

termine whether any genetic entities can 

be defined other than those discussed 

above, involving BCR-ABL1 and KMT2A. 

Prognosis and predictive factors 
B/myeloid MPAL, NOS, is generally 

considered a poor-prognosis leukae¬ 

mia, although data on outcome of these 

cases versus other MPALs are limited. 

In children, outcome is worse than that 

of ALL (923,1343,2402,3447); in adults. 
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outcome appears to be better than that of 

acute myeloid leukaemia and no different 

than that of other ALLs {923,3646,4275}. 

Many cases that meet the criteria for B/ 

myeloid MPAL, NOS, have one or more 

of the unfavourable genetic lesions not¬ 

ed above; it has been suggested that this 

accounts for their poor prognosis {2013}. 

Whether adverse cytogenetic features 

entirely explain the poor outcome has 

not been definitively established {2257, 

4279}. Patients with B/myeloid MPAL, 

NOS, have not been treated uniformly. 

Various combinations and sequential ad¬ 

ministration of myeloid-directed and lym- 

' phoid-directed therapies have been tried 

{2583,3447,4347}, and some patients 

may respond to one or the other. 

Mixed-phenotype acute 
leukaemia, T/myeioid, 
not otherwise specified 

Definition 
T/myeloid mixed-phenotype acute leu¬ 

kaemia (MPAL), not otherwise specified 

(NOS), fulfils the criteria for both T-cell 

and myeloid lineage as described above, 

but its blasts lack the above-described 

genetic abnormalities. 

ICD-0 code 9809/3 

Epidemiology 
This is a rare leukaemia, probably acc¬ 

ounting for < 1% of all leukaemia cases. It 

can occur in both children and adults. It 

may be more frequent in children than is 

B/myeloid MPAL. 

Microscopy 
Most cases either have blasts with no 

distinguishing features (morphologically 

resembling lymphoblastic leukaemia) or 

have a dimorphic population with some 

blasts resembling lymphoblasts and 

others myeloblasts. 

Immunophenotype 
The blasts meet the criteria for both T- 

cell and myeloid lineage assignment as 

listed above. MPO-positive myeloblasts 

and monoblasts commonly also express 

other myeloid-associated markers, in¬ 

cluding CD13, CD33, and KIT(CD117). In 

addition to cCD3, the T-cell component 

frequently also expresses other T-cell 

markers, including CD7, CD5, and CD2. 

Expression of surface CD3 can occur 

when a separate population of T-cell line¬ 

age blasts is present {4279}. 

Postulated normal counterpart 
The postulated normal counterpart is a 

multipotent haematopoietic stem cell. 

There is growing evidence of a possible re¬ 

lationship between T-cell and myeloid de¬ 

velopment, suggesting the involvement of 

either a common precursor or a lymphoid 

precursor that has reactivated a myeloid 

differentiation programme {1974,2193}. 

Genetic profile 
Most cases have clonal chromosomal 

abnormalities, although none is frequent 

enough to suggest specificity for this 

group of leukaemias. There are insuf¬ 

ficient data in the literature to determine 

whether B/myeloid and T/myeloid MPALs 

have different frequencies of various 

Fig. 10.04 T/myeloid mixed-phenotype acute leukaemia, NOS, infiltrating a lymph node. A and B Diffuse replacement of node by a population of cells with high nuclearxytoplasmic 

ratios and fine chromatin, histologically indistinguishable from lymphoblastic leukaemia/lymphoma. C Immunoperoxidase staining for CD3 stains most of the blast cells. D Immuno- 

peroxidase staining for MPO shows distinct staining of a subpopulation of cells with round nuclei; this indicates that they are part of the neoplasm rather than infiltrating granulocytes. 
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Fig. 10.05 T/myeloid mixed-phenotype acute leukaemia, NOS. There is a dimorphic population of blasts, with many 
small lymphoblasts. Larger blasts also have a high nuclear;cytoplasmic ratio, fine chromatin and inconspicuous nucleoli, 

genetic lesions, once the t(9;22) and 

KMT2A rearrangements have been ac¬ 

counted for. 

Prognosis and predictive factors 
T/myeioid MPAL, NOS Is generally con¬ 

sidered a poor-prognosis leukaemia, al¬ 

though data on outcome of these cases 

versus other MPALs are limited {923, 

1343,2402,3447), Patients with T/mye- i 

loid MPAL, NOS have not been treated 

uniformly. Various combinations and 

sequential administration of myeloid- 

directed and lymphoid-directed therapies t 

have been tried {3447,4347}, and some 

patients may respond to one or the other, ’ 

CD45 PERCP CYTOPL ASM 1C MPO FITC 

1 blasts 

CD45 PerCP oMPO FITC 

Fig. 10.06 T/myeloid mixed-phenotype acute leukaemia, NOS: flow cytometry in several cases, with gating on all 

cells (A,C,E) and on blasts (B,D,F), and with normal T-cells superimposed in violet. A and B So-called bilineage 

leukaemia, with two separate populations of T-cell (blue) and myeloid (green) blasts; the side scatter (SSC) 

versus CD45 histogram shows that (A) the myeloid and T-cell populations have distinct light-scattering profiles. 

B The cCD3 expression on the T-cell blasts is comparable in intensity to that on the residual normal T-cells. 

C and D So-called biphenotypic leukaemia, with a single population of blasts (red) coexpressing cCD3 and MPO; 
there is a wide range of cCD3 expression intensity, but the brightest blasts are about as bright as the normal T-cells. 

E and F Leukaemia in which both coexpression (red) and separate populations of T-cell (blue) and myeloid (green) 

blasts can be seen; neither the term ‘biphenotypic' nor the term ‘bilineage’ readily fits this case. 

Mixed-phenotype acute 
leukaemia, not otherwise 
specified, rare types l 

Definition | 
In some documented cases of leukae- ; 

mia, the leukaemic blasts show clear-cut I 
evidence of both T-cell and B-cell line- I 
age commitment as defined above. This I 
is a very rare phenomenon, with a fre- i 

quency that is likely even lower than has f 

typically been reported in the literature I 
{2583}. As strictly applied, the European | 

Group for the Immunological Characteri- f 

zation of Leukemias (EGIL) criteria for bi- | 

phenotypic leukaemia (i.e. scores >2 in | 

more than one lineage), which assign a f 

2-point value to CD79a expression {331, I 

332} may overestimate the incidence of | 

B-/T-leukaemia, because CD79a can f 

be detected in T-lymphoblastic leukae¬ 

mia with some antibodies {1584}, Eor ■ 
the purpose of assigning B-cell lineage 

to a case of T-lymphoblastic leukaemia, 

CD79a and CD10 should not be consid¬ 

ered evidence of B-cell differentiation. 

There have also been a few cases with 

evidence of trilineage (B-cell, T-cell, and 

myeloid lineage) assignment. Overall, 

there are too few cases with these char¬ 

acteristics for any specific statements to 

be made about clinical features, genetic 

lesions, or prognosis. 

To date, there have been no reports of i 

mixed B- or T-cell and megakaryocytic or J 

mixed B- or T-cell and erythroid leukae- | 

mias. It has been postulated that eryth¬ 

roid and megakaryocytic lineages are 

the earliest to branch off from the pluri- 

potent haematopoietic stem cell, leaving 

progenitor cells with T-cell, B-cell, and i 

myeloid potential {1803}; therefore,, neo- 
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plasms of these combinations of lineages 

are not expected to occur. It they do oc¬ 

cur, it is possible that the definitions pro¬ 

vided in this volume might not detect all 

cases, because such leukaemias would 

not be expected to express MPO. 

Acute leukaemias of 
ambiguous lineage, 
not otherwise specified 

Definition 
Acute leukaemias of ambiguous lineage, 

not otherwise specified (NOS), express 

combinations of markers that do not al¬ 

low for their classification as either acute 

undifferentiated leukaemia or mixed- 

phenotype acute leukaemia as defined 

above, and definitive classification along 

a single lineage is difficult. 

Epidemiology 
These are rare leukaemias, but there are 

no specific data on their frequency. They 

occur in both children and adults. 

Immunophenotype 
There is no unique immunophenotype 

that defines this class of leukaemias. 

Acute leukaemias of ambiguous lineage, 

NOS include cases that express T-cell- 

associated markers such as CD7 and 

CDS but lack more specific markers such 

as cCD3, along with myeloid-associated 

antigens such as CD33 and CD13 with¬ 

out MPO. Care should be taken not to 

misinterpret a case as ambiguous based 

on the expression of antigens with limited 

lineage specificity, especially when the 

antigens are expressed only dimly. For 

example, a leukaemia expressing CD13, 

CD33 and KIT (CD117) along with CD7 

and dim CD19 is more properly classified 

as acute myeloid leukaemia with aberrant 

antigen expression. With more-extended 

panels containing newer, less commonly 

used markers, such leukaemias might be 

able to be classified more specifically. 

Cell of origin 
The postulated cell of origin is a multipo- 

tent haematopoietic stem cell. 

Genetic profile 
Like other leukaemias in this category, 

most cases of acute leukaemia of am¬ 

biguous lineage, NOS, have clonal chro¬ 

mosomal abnormalities, although none 

is frequent enough to suggest specificity 

for this group of leukaemias. 

Prognosis and predictive factors 
These leukaemias are generally consid¬ 

ered to have a poor prognosis, although 

data on outcome of these cases versus 

other ambiguous-lineage leukaemias are 

limited. Patients with this type of leukae¬ 

mia are most often treated with myeloid- 

directed therapy, but definitive data 

justifying this approach have not been 

published. 
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Definition 
B-cell and T/NK-cell neoplasms are 

clonal tumours of mature and immature 

B cells, T cells, or NK cells at various 

stages of differentiation. Because NK 

cells are closely related to and share 

some immunophenotypic and functional 

properties with T cells, these two classes 

of neoplasms are considered together. 

In many respects, B-cell and T-cell neo¬ 

plasms appear to recapitulate stages of 

normal B-cell or T-cell differentiation, so 

to some extent they can be classified 

according to the corresponding normal 

stage. However, some common B-cell 

neoplasms (e.g. hairy cell leukaemia) 

do not clearly correspond to a normal 

B-cell differentiation stage. Some neo¬ 

plasms exhibit lineage heterogeneity, or 

even more rarely, lineage plasticity (1819, 

2431). Therefore, the normal counterpart 

of the neoplastic cell cannot be the sole 

basis for classification. 

Pathobiology of lymphoid neoplasms 
and the normal immune system 
The immune system has two major sub¬ 

systems, which differ in the nature of their 

targets and types of immune response: 

the innate and adaptive immune systems. 

The innate immune system provides a first 

line of defence, a primitive response. The 

cells of the innate immune system include 

NK cells, CD3+ CD56+ T cells (NK-like 

T cells), and gamma delta T cells. These 

cells play a role in barrier immunity involv¬ 

ing mucosal and cutaneous defences. 

They do not need to encounter antigens 

in the context of major histocompatibility 

complex (MHC) molecules, and therefore 

do not require antigen-presenting cells in 

order to initiate an immune response. 

The adaptive immune system provides 

a more sophisticated type of immune 

response; two key features are antigen 

specificity and memory. This contrasts 

with the innate immune response, which 

Innate immune system 

Ag specific Ag presentation to 
receptors T cells In 

on B + T ceils context of MHC 

First line of defense with a 
major role in barrier immunity 

Immunological defense 
characterized by specificity and memory 

Fig. 11.01 The respective roles of various lymphocyte subpopulations in the immune system’s two main arms: the 

innate and adaptive immune systems. In the innate immune system, which lacks specificity and memory, NK cells, 
NK-like T cells, and gamma delta T cells, along with other cells including granulocytes and macrophages, function 

as a first line of defence. These cells have cytotoxic granules (shown in red) containing perforin and granzymes. In 

the adaptive immune system, B cells and T cells recognize pathogens through specific receptors: immunoglobulins 

and the T-cell receptor complex, respectively. Antigen (Ag) presentation to T cells takes place via antigen-presenting 

cells (APCs) in the context of the appropriate major histocompatibility complex (MHC) class II molecule. Modified 
from Jaffe ES {1816}. 

is non-specific and does not require or 

result in immunological memory. 

B-cell lymphomas: Lymphocyte 
differentiation and function 
B-cell neoplasms tend to mimic various 

stages of normal B-cell differentiation, 

and this resemblance to normal cell stag¬ 

es is a major basis for their classification 

and nomenclature. 

Normal B-cell differentiation begins with 

B lymphoblasts, which undergo IG VDJ 

gene rearrangement and differentiate 

into mature surface immunoglobulin 

(slg)-positive (IgM-i- IgD-i-) naive B cells ' 

via pre-B cells with cytoplasmic mu 

heavy chains and immature IgM-i- B cells. 

Naive B cells, which are often CD5-pos- . 

itive, are small resting lymphocytes that 

circulate in the peripheral blood and also , 

occupy primary lymphoid follicles and 

follicle mantle zones (so-called recircu¬ 

lating B cells) {1758,2032}. Many cases ' 

of mantle cell lymphoma are thought to 

correspond to CD5-I- naive B ceils (1733), 

but somatically mutated variants also ex¬ 

ist {1187). 

Upon encountering antigen that fits their : 

sig receptors, naive B cells undergo ' 

transformation, proliferate, and ultimately . 

mature into antibody-secreting plasma 

cells and memory B cells. Transformed 

cells derived from naive B cells that have : 

encountered antigen may mature directly ' 

into plasma cells that produce the early ' 

IgM antibody response to antigen, T-cell- ; 

independent maturation can take place ; 

outside the germinal centre (721). Other ' 

antigen-exposed B cells migrate into the i 

centre of a primary follicle, proliferate, • 

and fill the follicular dendritic cell mesh- 

work, forming a germinal centre (2374, 

2427). Germinal centre centroblasts ’ 

express low levels of sIg and switch off ' 

expression of BCL2; therefore, they and 

their progeny are susceptible to apopto- : 

sis {3329}. Centroblasts express CD10 as 

well as BCL6, a nuclear transcription fac¬ 

tor also expressed by centrocytes. BCL6 

is not expressed in naive B cells and is 

switched off in memory B cells and plas¬ 

ma cells {3483,3199}. More recently de- 
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Fig. 11.02 Normal B-cell differentiation and its relationship to major B-cell neoplasms. B-cell neoplasms correspond to various stages of normal B-cell maturation, although the 

normal cell counterparts are unknown in some instances. Precursor B cells, which mature in the bone marrow, may undergo apoptosis or develop into mature naive B cells, which, 

following exposure to antigen (AG) and blast transformation, may develop into short-lived plasma cells or enter the germinal centre (GC), where somatic hypermutation and heavy- 

chain class switching occur, Centroblasts, the transformed cells of the GC, either undergo apoptosis or develop into centrocytes. Post-GC cells include both long-lived plasma 

cells and memory/marginal-zone B cells. Most B cells are activated within the GC, but T-cell-independent activation can take place outside the GC and probably also leads to 

memory-type B cells. Monocytoid B cells, many of which lack somatic hypermutation, are not illustrated. The red bars indicate IGH gene rearrangement and the blue bars IG light 

chain gene rearrangement; the black insertions in red and blue bars indicate somatic hypermutation {3848}. 

CLL/SLL, chronic lymphocytic leukaemia/small lymphocytic lymphoma; D, surface IgD; DLBCL, diffuse large B-cell lymphoma; FDC, follicular dendritic cell; M, surface IgM; 

MALT, mucosa-associated lymphoid tissue. 

scribed germinal centre markers include 

LM02 and HGAL. LM02 is expressed in 

haematopoietic precursors in the bone 

marrow, but appears to be specific for 

germinal centre B cells in normal reac¬ 

tive lymphoid tissues (2840); it lacks this 

specificity in lymphoid neoplasms {35}. 

HGAL (also called GCET2) is expressed 

in germinal centre B cells and germinal 

centre-derived malignancies {3043}. 

In the germinal centre, somatic hyper¬ 

mutation ooours in the IGV genes; these 

mutations can result in a non-functional 

gene or a gene that produoes antibody 

with lower or higher affinity for antigen. 

Also in the germinal centre, some cells 

switch from IgM production to IgG or IgA 

production. Through these mechanisms, 

the germinal centre reaction gives rise to 

the higher-affinity IgG or IgA antibodies 

of the late primary or secondary immune 

response (2428}. BCL6 also undergoes 

somatic mutation in the germinal centre, 

but at a lower frequency than do the IG 

genes {3084}, Ongoing IGV gene mu¬ 

tation with intraclonal diversity is a hall¬ 

mark of germinal centre cells, and both 

IGV gene and BCL6 mutations serve as 

markers of cells that have been through 

the germinal centre. Most diffuse large 

B-cell lymphomas (DLBCLs) are com¬ 

posed of cells that at least in part resem¬ 

ble centroblasts and have mutated IGV 

genes, consistent with a derivation from 

cells that have been exposed to the ger¬ 

minal centre, Burkitt lymphoma cells are 

BCL6-posltive and have mutated IGH 

genes, and are therefore also thought 

to correspond to a germinal centre blast 

cell. Both Burkitt lymphoma and DLBCL 

correspond to proliferating cells and are 

clinically aggressive tumours. 

Centroblasts mature to centrocytes, 

and these cells are seen predominantly 

in the light zone of the germinal centre. 

Centrocytes express sig that has an al¬ 

tered antibody-combining site compared 

with that of their progenitors, due to both 

somatic mutations and heavy-chain 

class switching. Centrocytes with muta¬ 

tions that result in increased affinity are 

rescued from apoptosis and re-express 

BCL2 {2427}. Through interaction with 

surface molecules on follioular dendritic 

cells and T cells (e.g. CD23 and CD40 

ligand), centrocytes switch off BCL6 

expression {584,3199} and differenti¬ 

ate into either memory B cells or plasma 

cells {2427}, BCL6 and IRF4 (also called 

MUM1) are reciprocally expressed, with 
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1 Bone Marrow Peripheral Lymphoid Tissues 

Antigen Independent Antigen Dependent 

Pro-B 

CD34 
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CD19 

CD79A 

PAX5 

CD38 

CD10 I 
LM02 

CD20 

CD23 

CD38 CD38 

lt^P4/MUMl 
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Fig. 11.03 B-cell differentiation. B cells go through various stages of differentiation as they mature from pro-B cells 
to plasma cells. The antigen-dependent phase of differentiation usually begins in the germinal centre, where B cells 

encounter antigen. Red bar in nucleus indicates heavy chain gene rearrangement; blue bar indicates light chain re¬ 
arrangement; black boxes connote somatic hypermutation. Cells coloured in yellow have not encountered antigen, as 

opposed to antigen-dependent stages shown in violet. Modified from Swerdlow SH et al. (3848}. 

BCR, B-cell receptor; D, surface IgD; M, surface IgM; SHM, somatic hypermutation. 

IRF4 being positive in late centrocytes 

and plasma cells (1141,3483). IRF4 plays 

a critical role in downregulating BCL6 

expression (3483). Recent studies indi¬ 

cate that MYC plays an important role in 

germinal centre formation {1020}. MYC 

is upregulated upon interaction of naive 

B cells with antigen and T cells by the 

action of BCL6, and is essential for ger¬ 

minal centre formation. In normal reactive 

lymph nodes, staining for MYC highlights 

a population of centrocytes in the light 

zone of the germinal centre, and is re¬ 

pressed in the dark zone. However, MYC 

is re-induced in a subset of light-zone B 

cells (centrocyes), allowing re-entry into 

the dark zone and maintenance of the 

germinal centre reaction (1020). Follicu¬ 

lar lymphomas are tumours of germinal 

centre B cells (centrocytes and centro- 

blasts) in which the germinal centre cells 

fail to undergo apoptosis, in most cases 

due to a chromosomal rearrangement, 

t(14;18), that prevents the normal switch¬ 

ing off of BCL2 expression. Centrocytes 

usually predominate over centroblasts, 

and these neoplasms tend to be indolent. 

Post-germinal centre memory B cells 

circulate in the peripheral blood and 

account for at least some of the cells in 

the follicular marginal zones of lymph 

nodes, spleen, and mucosa-associated 

lymphoid tissue (MALT). Marginal-zone 

B cells of this compartment typically ex¬ 

press pan-B-cell antigens and surface 

IgM (with only low levels of IgD), and lack 

both CDS and CD10 (3749,4124). Plasma 

cells produced in the germinal centre en¬ 

ter the peripheral blood and home to the 

bone marrow. They contain predominant¬ 

ly IgG or IgA; they lack sig and CD20 but 

express IRF4, CD79a, CD38, and CD138. 

Both memory B cells and long-lived plas¬ 

ma cells have mutated IGV genes, but do 

not continue to undergo mutation. Post- 

germinal centre B cells retain the ability 

to home to tissues in which they have 

undergone antigen stimulation, probably 

through surface integrin expression, so 

that B cells that arise in MALT tend to re¬ 

turn there, whereas B cells that arise in 

the lymph nodes home to nodal sites and 

bone marrow (508). Marginal zone lym¬ 

phomas of the MALT type, splenic type. 

and nodal type correspond to post-ger¬ 

minal centre memory B cells of marginal 

zone type that derive from and proliferate 

specifically in extranodal, splenic, and 

nodal tissues, respectively. Plasma cell 

myeloma corresponds to a bone mar¬ 

row-homing plasma cell. 

T-cell lymphomas: Lymphocyte 
differentiation and function 
T lymphocytes arise from a bone mar¬ 

row precursor that undergoes maturation 

and acquisition of function in the thymus 

gland. Antigen-specific T cells mature in 

the thymic cortex. T cells recognizing self 

peptides are eliminated via apoptosis, in 

a process mediated by cortical epithe¬ 

lial cells and thymic nurse cells. Corti¬ 

cal thymocytes have an immature T-cell 

phenotype and express TdT, CDIa, CD3, 

CDS, and CD7. CD3 is first expressed in 

the cytoplasm, prior to complete T-cell 

receptor (TR) gene rearrangement and 

export to the cell membrane. Cortical thy¬ 

mocytes are initially double-negative for 

CD4 and CD8. These antigens are coex¬ 

pressed in maturing thymocytes; more- 

mature T cells express only CD4 or CD8. 

These various stages of T-cell maturation 

are reflected in T-lymphoblastic leukae¬ 

mia/lymphoma. 

Medullary thymocytes have a phenotype 

similar to that of mature T cells of the pe¬ 

ripheral lymphoid organs. There are two 

classes of T cells: alpha beta T cells and 

gamma delta T cells (3850). This distinc¬ 

tion is based on the structure of the T-cell 

receptor. The alpha beta and gamma 

delta chains are each composed of a 

variable portion and a constant portion. 

They are both associated with the CD3 

complex, which contains gamma, delta, 

and epsilon chains. NK ceils do not have 

a complete T-cell receptor complex; ac¬ 

tivated NK cells express the epsilon and 

zeta chains of CD3 in the cytoplasm. 

They express CD2, CD7, and sometimes 

CDS, but not surface CDS. They also typ¬ 

ically express CD16 and CD56, variably 

express CD57, and contain cytoplasmic 

cytotoxic granule proteins. NK cells kill 

their targets through antibody-dependent 

cell-mediated cytotoxicity or a second 

mechanism involving killer activation re¬ 

ceptors and inhibitory killer-cell immuno¬ 

globulin-like receptors. Because NK cells 

do not rearrange the TR genes, antibod¬ 

ies to the various killer-cell immunoglobu¬ 

lin-like receptors can be used for analysis 

of clonality in NK-cell proliferations; 
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Fig. 11.04 T-cell differentiation. T cells mature in the thymus gland and then leave to occupy peripheral lymphoid 

tissues. T-cell receptor (TR) genes are shown schematically with a solid red bar indicating absence of rearrangement. 

The black boxes in the red bars reflect the rearrangements of the TR genes. The double red lines on the cell mem¬ 

brane represent the expressed T-cell receptor complex. Antigen dependent maturation leads to the different T-cell 

subsets, also illustrated in Fig. 11.05. The phenotypes of several key T-cell subsets are illustrated: 

T follicular helper (TFH), T regulatory (T-reg), T helper 1 (Thi), T helper 2 (Th2), and T helper 17 (Th17). 

Modified and updated from {3848}. 

Fig. 11.05 T-cell differentiation. T-cell neoplasms correspond to various stages of normal T-cell maturation. Mature 

T cells include alpha beta and gamma delta T cells, both of which mature in the thymus gland. Recently recognized 

T-cell subsets include the various types of CD4+ effector T cells, including T helper 1 (Thi), T helper 2 (Th2), T regula¬ 

tory (Treg), T helper 17 (Th17), and T follicular helper (TFH) cells. Modified and updated from (3848). 

Ag, antigen; FDC, follicular dendritic cell. 

Toll-like receptors play a role in cell-cell 

interactions and signalling. They play a 

critical role in the recognition of infectious 

agents, initiating signalling through NF- 

kappaB. They function most prominently 

in innate immune responses, but they 

also play a role in the adaptive immune 

system {2284}. 

The lymphomas of the innate immune 

system are predominantly extranodai 

in presentation, mirroring the distribu¬ 

tion of the functional components of this 

system. It is interesting that many T-cell 

and NK-cell lymphomas observed com¬ 

monly in the paediatric and young-adult 

age groups are derived from cells of the 

innate immune system (1816). Lymphoid 

neoplasms derived from innate lymphoid 

cells include aggressive NK-cell leukae¬ 

mia, systemic EBV-positive T-cell lym¬ 

phoma of childhood, hepatosplenic gam¬ 

ma delta T-cell lymphoma, and gamma 

delta T-cell lymphomas often arising in 

cutaneous and mucosal sites. 

Gamma delta T cells usually lack expres¬ 

sion of CD4 and CD8, as well as CDS. A 

subpopulation expresses CD8. Gamma 

delta T cells account for <5% of all nor¬ 

mal T cells and have a restricted distribu¬ 

tion, being found mainly in the splenic red 

pulp, intestinal epithelium, and other epi¬ 

thelial sites. These sites are more com¬ 

monly affected by gamma delta T-cell 

lymphomas, which are otherwise rela¬ 

tively rare (150,1299,3850). Gamma delta 

T cells have a restricted range of antigen 

recognition, and serve as a first line of 

defence against bacterial peptides, such 

as heat shock proteins {3850}. They are 

often involved in responses to mycobac¬ 

terial infections and in mucosal immunity. 

The T ceils of the adaptive immune sys¬ 

tem, which are heterogeneous and func¬ 

tionally complex, include naive, effector 

(regulatory and cytotoxic), and memory 

T cells. T-cell lymphomas of the adap¬ 

tive immune system present primarily in 

adults and are mainly nodal in origin, in 

contrast with the extranodai T-celi lym¬ 

phomas of the innate immune system 

{1816}. CD4-I- T cells are primarily regu¬ 

latory, acting via cytokine production; 

based on their cytokine secretion pro¬ 

files, CD4-I- T cells are divided into two 

major types; T helper 1 (Thi) cells and 

T helper 2 (Th2) cells. Thi cells secrete 

IL2 and interferon gamma, but not IL4, 

IL5, or IL6. In contrast, Th2 cells secrete 

IL4, IL5, IL6, and IL10 {3850}. Thi cells 

provide help mainly to other T cells and to 

macrophages, whereas Th2 cells provide 

help mainly to B cells, in the production 

of antibodies {1758A}, CD4-i- T cells can 

act both to help and to suppress immune 

responses, and consist of multiple sub¬ 

populations only recently recognized. For 

example, T regulatory (Treg) cells have 

diverse functions, including suppressing 

immune responses to cancer and limit¬ 

ing inflammatory responses in tissues 

{2403,4350}. Recent studies have iden¬ 

tified transcription factors, TBX21 (also 
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Fig. 11.06 Relative frequencies of B-cell lymphoma subtypes in adults. There are significant differences in the 

relative frequencies across geographical regions. However, diffuse large B-cell lymphoma (DLBCL) and follicular 
lymphoma are the most common subtypes on a worldwide basis, but varying in some geographical regions and 

among some ethnic groups. Note that these estimates underestimate the incidence of chronic lymphocytic leukaemia 

/ small lymphocytic lymphoma (CLL/SLL), because only patients presenting clinically with lymphoma were included. 

Data from the Non-Hodgkin's Lymphoma Classification Project {1}. 
MCL, mantle cell lymphoma; PMLBCL, primary mediastinal large B-cell lymphoma. 

known as T-BET) and GATA3, that are 

overexpressed in Thi and Th2 lympho¬ 

cytes, respectively {1775}, and that also 

appear to delineate subsets of peripheral 

T-cell lymphomas (PTCLs) {1775,4253}. 

T helper 17 (Th17) cells are a more re¬ 

cently identified subset of CD4-i- effector 

T cells. They are characterized by ex¬ 

pression of the IL17 family of cytokines 

and play a role in immune-mediated in¬ 

flammatory diseases and in other condi¬ 

tions {3834). 

Much has been learned about a unique 

CD4-I- T-cell subset found in the normal 

germinal centre. These cells, called T fol¬ 

licular helper (TFH) cells, provide help to 

B cells in the context of the germinal cen¬ 

tre reaction {1067,1469,2993}. They have 

a unique phenotype, expressing the ger¬ 

minal centre markers BCL6 and CD10, 

which are also normally found on ger¬ 

minal centre B cells. TFH cells also ex¬ 

press CD4, CD57, and CD279/PD1 and 

produce the chemokine CXCL13 and its 

receptor CXCR5. CXCL13 causes induc¬ 

tion and proliferation of follicular dendritic 

cells; it also facilitates the migration of 

B cells and T cells expressing CXCR5 

into the germinal centre. Increased ex¬ 

pression of CXCL13 in angioimmunob- 

lastic T-cell lymphoma (AITL) is a find¬ 

ing that helps to link many of its clinical 

and pathological features {1067,1469, 

2993}. Notably, AITL is associated with 

polyclonal hypergammaglobulinaemia 

and expansion and proliferation of both 

B cells and CD21-f follicular dendritic 

cells within the lymph node. Some other 

nodal PTCLs display a TFH-cell pheno¬ 

type and share many genetic features 

with AITL {178}. However, a TFH-cell 

phenotype is also seen in a very differ¬ 

ent disease; primary cutaneous CD4-I- 

small/medium T-cell lymphoproliferative 

disorder. 

A CD4-I- T cell with very different proper¬ 

ties is the Treg cell, which functions 

to shut off and suppress immune re¬ 

sponses {3715}, This cell is thought to 

play an important role in preventing 

autoimmunity. Treg cells express high- 

denslty CD25 and the transcription factor 

FOXP3, in combination with CD4. Adult 

T-cell leukaemia/lymphoma (ATLL) has 

been linked to Treg cells on the basis of 

expression of both CD25 and FOXP3, 

and this finding helps to explain the 

marked immunosuppression associated 

with ATLL {1948,3398}. 

Recent studies have tried to relate the 

pathological or clinical manifestations 

of T-cell lymphomas to cytokine or 

chemokine expression by the neoplas¬ 

tic cells or by accompanying accessory 

cells within the lymph node. For exam¬ 

ple, the hypercalcaemia associated 

with ATLL has been linked to secretion 

of factors with osteoclast-activating ac¬ 

tivity {2896A). The haemophagocytic 

syndrome seen in some T-cell and NK- 

cell malignancies has been associated 

with secretion of both cytokines and 

chemokines, in the setting of defective 

cytolytic function {1834,2011,2970 }. 

Genetics 
Several mature B-cell neoplasms have 

characteristic genetic abnormalities that 

are important in determining their biologi¬ 

cal features and can be useful in differen¬ 

tial diagnosis. These genetic abnormali¬ 

ties include t(11;14)(q13;q32) in mantle 

cell lymphoma, t(14;18)(q32;q21) in fol¬ 

licular lymphoma, t(8;14)(q24;q32) and 

variants in Burkitt lymphoma, and t(11;18) 

(q21;q21) in MALT lymphoma {889,1933, 

2286}. The t(11;14) translocation is seen 

in both mantle cell lymphoma and some 

cases of plasma cell myeloma, but there 

are minor differences in the translocation, 

involving different portions of the IGH 

gene {350}. The most common paradigm 

for translocations involving an IGH gene 

on 14q32 is that a cellular proto-onco¬ 

gene comes under the influence of the f 

IGH enhancer. For example, in follicular 

lymphoma, the overexpression of BCL2 

blocks apoptosis in germinal centre 

B cells. The t(11;18) translocation, which 

is common in MALT lymphoma, results 

in a fusion gene, in which BIRC3 (also 

known as API2) is fused to the C-terminai T 
sequences of MALT1 {982,2406,3341, ! 

3812}. The chimeric protein encoded ^ 

by the fusion gene promotes cell sur- ; 

vival and proliferation via activation of 

NF-kappaB {2406}. Other translocations f 
found in MALT lymphoma, such as t(1;14) I 
(p22;q32) and t(14;18)(q32;q21), act in a j 
similar fashion by deregulating the onco¬ 

genes BCL10 and MALT1, respectively, 

through juxtaposition next to the IGH i 

enhancer, jj 

The number of mature T-cell lymphomas i 

with recurrent genetic aberrations has I 
increased significantly in recent years j 

with the introduction of next-generation | 

sequencing and mutation analysis, ALK- I 
positive anaplastic large cell lymphoma 

was the first T-cell lymphoma to be linked 

to a specific aberration: translocations 

involving the ALK gene on chromo¬ 

some 2p23. ALK is fused to a variety of ' 

partner genes, most often NPM1, as a i 

consequence of t(2;5)(p23;q35) {1136, 
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Table 11.01 Immunophenotypic features of common mature B-cell neoplasms; the symbols indicate the proportion of cases in which each marker listed is positive. 
Modified and updated from Swerdlow SH, et al. {3848}. 

Neoplasm sIg, clg CDS CD10 CD23 CD43 CD103 BCL6 IRF4/MUM1 Cyclin D1 ANXAI 

CLL/SLL +, -/ + + - + + - - + (PCs) - - 

LPL +/-, + 
_ c - - -/ + - - + 3 - - 

SMZL +, -/ + - - - - - - - - - 

HCL + , - - - - - + - - +/- + 

PCM + - -/ + - -/ + - - + -/+ - 

MALT lymphoma + r +/- _ c - - -/ + - - + 3 - - 

FL + , - _ c +/- -/ + - - + -/+•> - - 

MCL + , “ + - - + - - - + - 

DLBCL + /-, -/ + _ c -/+^ n/a -/ + n/a + /-'* + /-" - - 

BL + , - - + - -/ + n/a + -/ + - - 

>90% (+), >50% (+/-), <50% (-/+), or <10% (-) 

ANXA1, annexin Al; BL, Burkitt lymphoma; clg, cytoplasmic immunoglobulin; CLL/SLL, chronic lymphocytic leukaemia / small lymphocytic lymphoma; DLBCL, diffuse large 

B-cell lymphoma; FL, follicular lymphoma; HCL, hairy cell leukaemia; LPL, lymphoplasmacytic lymphoma; MCL, mantle cell lymphoma; n/a, not applicable; PC, proliferation 

centre; PCM, plasma cell myeloma; sig, surface immunoglobulin; SMZL, splenic marginal zone lymphoma. 

^ The plasma cell components of LPL and MALT lymphoma are IRF4+, 

^ Some grade 3A and 3B FLs are IRF4+, 

Some DLBCLs are CD5+. Other B-cell neoplasms can sometimes be CD5+, including LPL, MALT and FL, 

DLBCLs of germinal centre B-cell type express CD10 and BCL6. 

® DLBCLs of activated B-cell type are typically IRF4+ 

1815,2199}. Hepatosplenic T-cell lym¬ 

phoma of gamma delta origin has muta¬ 

tions in STAT5B in approximately 35% of 

cases {2869}, and the same mutation is 

recurrent in gamma delta T-cell lympho¬ 

mas involving the gastrointestinal tract 

and skin {2160}. The JAK/STAT path¬ 

way is implicated in many forms of T-cell 

lymphoma, including anaplastic large 

cell lymphoma (both ALK-positive and 

ALK-negative) and monomorphic epithe- 

liotropic intestinal T-cell lymphoma {836, 

2807). 

Other genetic tools have also been ap¬ 

plied in the study of mature lymphoid 

neoplasms. These include comparative 

genomic hybridization and more sensitive 

techniques of array-based copy-number 

profiling, both of which can identify areas 

of deletion or amplification within the 

genome. Gene expression microarrays 

can interrogate the expression of thou¬ 

sands of genes at the RNA level, helping 

to elucidate pathways of activation and 

transformation {877,878,884,1208,1775, 

2719,3409,3538). Most recently, studies 

have begun to explore changes at the 

epigenetic level that control the expres¬ 

sion of multiple genes {2352, 3528). 

Principles of classification 
The classification of lymphoid neoplasms 

is based on all available information to 

define disease entities {1557}. Having 

sufficient tissue for this multiparameter 

approach is critical. Great caution is ad¬ 

vised when core needle biopsies are used 

for the primary diagnosis of lymphoma; 

fine-needle aspiration is generally inad¬ 

equate for this purpose. Morphology and 

immunophenotype are sufficient for the 

diagnosis of most lymphoid neoplasms. 

However, no one antigenic marker is spe¬ 

cific for any neoplasm, and a combination 

of morphological features and a panel of 

antigenic markers are necessary for cor¬ 

rect diagnosis. Most B-cell lymphomas 

have characteristic immunophenotypic 

profiles that are very helpful in diagnosis. 

However, immune profiling is somewhat 

less helpful in the subclassification of T- 

cell lymphomas. 

Although certain antigens are commonly 

associated with specific disease enti¬ 

ties, these associations are not entirely 

disease-specific. For example, CD30 is a 

universal feature of anaplastic large cell 

lymphoma, but can also be expressed in 

other T-cell and B-cell lymphomas and in 

classic Hodgkin lymphoma (CHL), Simi¬ 

larly, CD56 is a characteristic feature of 

nasal NK/T-cell lymphoma, but it can 

also be found in other T-cell lymphomas, 

in plasma cell neoplasms, and in non- 

lymphoid cells such as blastic plasmacy- 

toid dendritic cell neoplasms. {173,315, 

746,987,4357). Within a given disease 

entity, variation in immunophenotypic 

features can be seen. For example, most 

hepatosplenic T-cell lymphomas are of 

the gamma delta T-cell phenotype, but 

some cases are of alpha beta T-cell 

derivation. Likewise, some follicular lym¬ 

phomas are CDIO-negative, An aberrant 

immunophenotype may suggest or help 

to confirm a diagnosis of malignancy 

{1815}. 

Although lineage is a defining feature of 

most lymphoid malignancies, in recent 

years there has been an increasing ap¬ 

preciation of lineage plasticity within the 

haematopoietic system. Lineage switch 

or demonstration of multiple lineages 

is most often encountered in immature 

haematolymphoid neoplasms, but also 

can be seen rarely in mature lymphomas 

{772,1172,1536), 
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□ Peripheral T-cell Lymphoma - NOS 25.9% 

■ Angioimmunoblastic 18.5% 

□ Extranodal natural killer/T-cell lymphoma 10.4% 

□ Adult T-cell leukemia/lymphoma 9.6% 

■ Anaplastic large cell lymphoma, ALK+ 6.6% 

□ Anaplastic large cell lymphoma, ALK- 5.5% 

■ Enteropathy-type T-cell* 4.7% 

□ Primary cutaneous ALCL 1.7% 

■ Hepatosplenic T-cell 1.4% 

a Subcutaneous panniculitis-llke 0.9% 

□ Unclassifiable PTCL 2.5% 

□ Other disorders 12.2% 

Fig. 11.07 Relative frequencies of mature T-cell lymphoma subtypes in an adult patient population. There 

are significant differences in the relative frequencies across geographical regions. However, peripheral T-cell 

lymphoma (PTCL), NOS, and angioimmunoblastic T-cell lymphoma (AITL) are two of the most common 
subtypes globally. Note that the category of enteropathy-type T-cell lymphoma (ETTL) used in this study 

is not equivalent to the category of enteropathy-associated T-cell lymphoma (EATL) as defined in this 
volume. The ETTL category was used largely as a generic category for most T-cell lymphomas involving the 

intestine, including EATL and more recently defined monomorphic epitheiiotropic intestinal T-cell lymphomas. 

Data from the International T-Cell Lymphoma Project (4217). 
ALCL, anaplastic large cell lymphoma; ATLL, adult T-cell leukaemia/lymphoma; E NK/T, extranodal NK/T-cell lymphoma. 

Genetic features are playing an increas¬ 

ingly important role in the classification 

of lymphoid malignancies. However, the 

molecular pathogenesis of many forms 

of lymphoma remains unknown. Genetic 

studies, in particular PGR studies of IG 

and TR genes and FISH, are valuable 

diagnostic tools for the determination of 

cionaiity in B-ceil and T-cell proliferations 

(aiding in the differential diagnosis with 

reactive hyperplasia) and for the iden¬ 

tification of translocations associated 

with some disease entities. The identifi¬ 

cation of the MYD88 L265P mutation in 

most cases of lymphoplasmacytic lym¬ 

phoma but only rarely in marginal zone 

lymphoma has provided new tools for 

diagnosis |1527). Similarly, mutations in 

BRAF are recurrent in certain histiocytic 

and dendritic cell proliferations, such as 

Langerhans cell histiocytosis (215) and 

Erdheim-Chester disease (1102), but are 

nearly ubiquitous in hairy cell leukaemia 

{3997,3998}. 

The WHO classification emphasizes 

the importance of knowledge of clinical 

features, both for accurate diagnosis and 

for the definition of some diseases, such 

as extranodal marginal zone lymphoma 

of MALT (MALT lymphoma) versus nod¬ 

al or splenic marginal zone lymphoma. 

primary mediastinal large B-cell lympho¬ 

ma (PMLBCL) versus DLBCL, and most 

mature T-cell and NK-cell neoplasms. 

The diagnosis of lymphoid neoplasms 

should not take place in a vacuum, but 

rather within the context of a complete 

clinical history. 

Lymphoid malignancies range in their 

clinical behaviour from indolent to aggres¬ 

sive. Within any given entity, a range in 

clinical behaviour can also be seen, and 

histological or clinical progression is of¬ 

ten encountered during a patient’s clini¬ 

cal course. For these reasons, the WHO 

classification does not attempt to stratify 

lymphoid malignancies in terms of histo¬ 

logic grade or clinical aggressiveness. 

Both morphology and immunophenotype 

often change over time, as the lymphoid 

neoplasm undergoes clonal evolution 

with the acquisition of additional genetic 

changes. Transformation can arise by di¬ 

vergent evolution from a common precur¬ 

sor, or by more-direct linear transforma¬ 

tion, and examples of both patterns have 

been shown {1434}. In addition, evolution 

over time does not necessarily lead to 

the development of a more aggressive 

lymphoma. For example, patients with 

DLBCL can relapse with a more indo¬ 

lent clonally related follicular lymphoma. 

Some of these clonal evolutions can be 

unexpected and not obviously connect¬ 

ed, such as the development of a plas¬ 

macytoma in a patient with CHL {1824}. 

Traditionally, CHLs have been consid¬ 

ered separately from the so-called non- 

Hodgkin lymphomas. However, with the 

recognition that CHL is of B-cell lineage, 

greater overlap has been recognized 

between CHL and many other forms of 

B-celi malignancies. This revised 4th edi¬ 

tion of the WHO classification acknowl¬ 

edges these grey zones and provides for 

the identification of cases that bridge the 

gap between these various forms of lym¬ 

phoma {4047}. The borders are further 

blurred by conditions such as nodular 

lymphocyte predominant Hodgkin lym¬ 

phoma, which manifests many clinical 

and biological characteristics of Hodgkin 

and non-Hodgkin lymphomas. 

Epidemiology 
Precursor lymphoid neoplasms, includ¬ 

ing B-lymphoblastic leukaemia/lym¬ 

phoma and T-lymphoblastic leukaemia/ 

lymphoma, are primarily diseases of 

children. About 75% of cases occur in 

children aged <6 years. Approximately 

85% of cases presenting as lympho¬ 

blastic leukaemia are of precursor B-cell 

type, whereas lymphoblastic malignan¬ 

cies of precursor T-cell type more often 

present as lymphoma, with mediastinal 

masses. A male predominance is seen 

in lymphoblastic malignancies of both B- 

celi and T-cell lineages. 

According to the World Cancer Report 
2014 {205}, there were 566 000 new cases 

of lymphoma and about 305 000 deaths 

due to lymphoma in 2012. Mature B-cell 

neoplasms constitute >90% of lymphoid 

neoplasms worldwide {1,148} and ac¬ 

count for approximately 4% of all new 

cancer cases each year. They are more 

common in developed countries, in par¬ 

ticular in North America, Australia, New 

Zealand, and northern and western Eu¬ 

rope. Globally, the incidence is greatest 

in Israel, followed by Lebanon, Australia, 

and the USA. The incidence of lympho¬ 

mas, in particular B-cell lymphomas, has 

increased worldwide, but may be pla- 

teauing over the past decade. The Inter¬ 

national Lymphoma Epidemiology (Inter- 

Lymph) Consortium is examining factors 

associated with increased lymphoma 

incidence using a case-control study 

methodology {2758}. 
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Fig. 11.08 Age-standardized incidence rates (per 100 000 men per year) of lymphoma among men in selected 

populations, 1975-2011. Data from Stewart BW and Wild CP {205}. 

The most common lymphoma types are 

follicular lymphoma and DLBCL, which 

together make up >60% of all lympho¬ 

mas other than Hodgkin lymphoma and 

plasma cell myeloma j1,95}. The indi¬ 

vidual B-cell neoplasms vary in their 

relative frequency in various parts of the 

world. Follicular lymphoma is more com¬ 

mon in the USA (where it accounts for 

35% of non-Hodgkin lymphomas) and 

western Europe, and is uncommon in 

South America, eastern Europe, Africa, 

and Asia. Burkitt lymphoma is endemic 

in equatorial Africa, where it is the most 

common childhood malignancy, but it 

accounts for only 1-2% of lymphomas 

in the USA and western Europe. The me¬ 

dian patient age for all types of mature B- 

cell neoplasms is in the sixth or seventh 

decade of life, but PMLBCL has a median 

patient age of about 35 years. Of the ma¬ 

ture B-cell lymphomas, only Burkitt lym¬ 

phoma and DLBCL occur with any sig¬ 

nificant frequency in children. Most types 

have a male predominance (with 52-55% 

of cases occurring in males), but mantle 

cell lymphoma has a striking male pre¬ 

dominance (with 74% of the cases occur¬ 

ring in males), whereas females account 

for 58% of follicular lymphoma cases and 

66% of PMLBCL cases. PMLBCL and 

nodular sclerosis CHL have similar clini¬ 

cal profiles at presentation, most com¬ 

monly affecting adolescent and young- 

adult females. It was their shared clinical 

features that first prompted consideration 

that these lymphomas might be related 

{3412,3538,4047). 

One known major risk factor for mature 

B-cell neoplasia appears to be an abnor¬ 

mality of the immune system, either im¬ 

munodeficiency or autoimmune disease. 

Although evidence of immune system ab¬ 

normality is absent in most patients with 

mature B-cell neoplasms, immunodefi- 

cient patients have a markedly increased 

incidence of B-cell neoplasia, in particu¬ 

lar DLBCL and Burkitt lymphoma (345, 

547,2819). Major forms of immunodefi¬ 

ciency include HIV infection, iatrogenic 

immunosuppression to prevent allograft 

rejection or graft-versus-host disease, 

and primary immune deficiencies. Some 

autoimmune diseases are also associ¬ 

ated with an increased risk of lymphoma 

{4252}; for example, patients with Sjogren 

syndrome or Hashimoto thyroiditis have a 

particularly high risk of developing B-cell 

lymphomas {1953,1959). 

Mutations in genes controlling lymphocyte 

apoptosis have been linked to increased 

risk of both autoimmune diseases and 

lymphomas (mainly B-cell types). Pa¬ 

tients with autoimmune lymphoprolifera- 

tive syndrome (which can be caused by 

germline mutations in FAS) have an in¬ 

creased risk of B-cell lymphomas and 

Hodgkin lymphomas {3810). Somatically 

acquired FAS mutations have also been 

reported in some sporadic B-cell lympho¬ 

mas, most commonly marginal zone lym¬ 

phomas {1483). Genome-wide associa¬ 

tion studies have identified a substantial 

number of SNPs that are associated with 

increased risk of lymphoma {603). Many 

of these polymorphisms involve immu- 

noregulatory genes {604,2206,4251). 

Mature T-cell and NK-cell neoplasms are 

relatively uncommon. In a large interna¬ 

tional study that evaluated lymphoma 

cases from the USA, Europe, Asia, and 

South Africa, T-cell and NK-cell neo¬ 

plasms accounted for only 12% of all non- 

Hodgkin lymphomas (1). The most com¬ 

mon mature T-cell lymphomas are PTCL, 

NOS (accounting for 25.9% of cases) and 

AITL (accounting for 18.5%) {4217). 

T-cell and NK-cell lymphomas show sub¬ 

stantial variations in incidence across 

geographical regions and racial popula¬ 

tions. In general, T-cell lymphomas are 

relatively more common in Asia {4217), 

due to both a higher incidence of some 

subtypes and a lower relative frequency 

of some B-cell lymphomas, such as fol¬ 

licular lymphoma. In Japan, one of the 

main risk factors for T-cell lymphoma is 

HTLV-1 infection. In endemic regions of 

south-western Japan, the seroprevalence 

of HTLV-1 is 8-10%. The cumulative life¬ 

time risk for the development of ATLL is 

6.9% for seropositive males and 2.9% for 
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seropositive females (3869). Other re¬ 
gions with relatively high seroprevalence 
of HTLV-1 include the Caribbean basin, 
where Black populations are primarily 
affected, over other racial groups {1818, 
2287). Differences in viral strain may also 
affect the incidence of the disease {796, 
3869). 
Another major factor influencing the inci¬ 
dence of T-cell and NK-cell lymphomas 
is racial predisposition. EBV-associated 
NK-cell and T-cell neoplasms, including 
extranodal NK/T-cell lymphoma, nasal 
type (ENKTL), aggressive NK-cell leu¬ 
kaemia, and paediatric EBV-positive T- 
cell and NK-cell lymphomas, are much 
more common among Asians than in 
other populations {640,780,1814,2058). 
In Hong Kong SAR, China, ENKTL is one 
of the more common subtypes, account¬ 
ing for 8% of cases. By contrast, in Eu¬ 
rope and North America it accounts for 
< 1% of all lymphomas. Other populations 
at increased risk for this disease are in¬ 
dividuals of Native American descent in 
Central and South America and Mexico 
{275,780,3266,3269), who are geneti¬ 
cally related to Asians {3280A). Enterop¬ 
athy-associated T-cell lymphoma is most 
common in individuals of Welsh and Irish 
descent, who share HLA haplotypes that 
confer an increased risk of gliadin allergy 
and susceptibility to gluten-sensitive en¬ 
teropathy {937). 
PTCLs with a gamma delta phenotype 
occur with increased frequency in the 
setting of immune suppression (in par¬ 
ticular following organ transplantation), 
a finding that is not well understood 
{1301,2842}. The risk appears to be in¬ 
creased by the combination of two fac¬ 
tors: immunosuppression and chronic 
antigenic stimulation. Hepatosplenic T- 
celi lymphomas are most common, but 
primary cutaneous and mucosa-associ¬ 
ated T-cell lymphomas have also been 
reported {150}. Recent data from the 
SEER programme indicate a modest in¬ 
crease in the annual incidence of T-cell 
neoplasms in the USA: to 2.6 cases per 

100 000 population, with the greatest in¬ 
crease occurring in the category of cu¬ 
taneous T-cell lymphoma {839,2759). 

Etiology 
Infectious agents have been shown to 
contribute to the development of several 
types of mature B-cell, T-cell, and NK- 
cell lymphomas. EBV is present in nearly 
100% of endemic Burkitt lymphoma cas¬ 
es and in 15-35% of sporadic and HIV- 
associated cases {1531,3238); it is also 
involved in the pathogenesis of many 
B-cell lymphomas arising in immunosup- 
pressed or elderly patients, including 
many post-transplant lymphoprolifera- 
tive disorders, plasmablastic lymphoma, 
and EBV-positive DLBCL, NOS. EBV is 
also associated with ENKTL and with two 
paediatric T-cell diseases: systemic EBV- 
positive T-cell lymphoma of childhood 
and hydroa vacciniforme-like lymphopro- 
liferative disorder. The exact cause of 
these EBV-positive T-cell neoplasms of 
childhood is unclear. Risk factors may 
include either a high viral load at presen¬ 
tation or a defective immune response to 
the infection {3269). Chronic active EBV 
infection may precede the development 
of some EBV-positive T-cell lymphomas 
{1918,3269}. In cases associated with 
chronic active EBV infection, a polyclonal 
process may be seen early in the course, 
with progression to monoclonal EBV-pos¬ 
itive T-cell lymphoma {1918}. 
HHV8 is found in primary effusion lym¬ 
phoma, multicentric Castleman disease, 
and HHV8-positive DLBCL, NOS, all of 
which are mainly seen in HIV-infected 
patients {623,1046), but the virus has 
also been implicated in germinotropic 
lymphoproliferative disease not associ¬ 
ated with HIV. HTLV-1 is the causative 
agent of ATLL, and is clonally integrated 
into the genome of transformed T cells 
{796). In this condition, like in HHV8-as- 
sociated disorders, a spectrum of clinical 
behaviours is seen, although most cases 
of ATLL are aggressive. 

Hepatitis C virus has been implicated 
in some cases of lymphoplasmacytic 
lymphoma associated with type II cryo- 
globulinaemia, splenic marginal zone 
lymphoma, nodal marginal zone lympho¬ 
ma, and DLBCL {32,168,909,912,1884, 
2589,3229,4503). The role of the virus 
in tumour initiation is unclear; however, it 
does not directly infect neoplastic B cells, 
and appears to influence lymphoma de¬ 
velopment through activation of a B-cell 
immune response. 
Bacteria, or at least immune responses 
to bacterial antigens, have also been 
implicated in the pathogenesis of MALT 
lymphoma, including Helicobacter pylori 
in gastric MALT lymphoma {1741,2853, 
4366,4367); Borrelia burgdorferi in cuta¬ 
neous MALT lymphoma in Europe {611}; 
Chlamydia psittaci, C. pneumoniae, and 
C. trachomatis in ocular adnexal MALT 
lymphomas in some geographical areas 
{658,3454}; Campylobacter jejuni in in¬ 
testinal MALT lymphoma associated with 
alpha heavy chain disease {3239,3298), 
and Achromobacter xylosoxidans in pul¬ 
monary MALT lymphomas {20}. 
Environmental exposures have also been 
linked to a risk of developing B-cell lym¬ 
phoma. Epidemiological studies have 
implicated herbicide and pesticide use 
in the development of follicular lympho¬ 
ma and DLBCL {787,1566). Exposure to 
hair dyes was identified as a risk factor in 
some older studies, but potential carcino¬ 
gens have been removed from newer dye 
formulations {4485). 

Conclusion 
The multiparameter approach to classi¬ 
fication adopted by the WHO classifica¬ 
tion has been validated in international 
studies. It is highly reproducible and im¬ 
proves the interpretation of clinical and 
translational studies. Accurate and pre¬ 
cise classification of disease entities also 
facilitates the determination of the mole¬ 
cular basis of lymphoid neoplasms in the 
basic science laboratory {1,1815,2759). 
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CHAPTER 12 

Precursor lymphoid neoplasms 

B-lymphoblastic leukaemia/lymphoma, NOS 

B-lymphoblastic leukaemia/lymphoma with 
recurrent genetic abnormalities 

T-lymphoblastic leukaemia/lymphoma 

NK-lymphoblastic leukaemia/lymphoma 



B-lymphoblastic leukaemia/lymphoma, 
not otherwise specified (NOS) le^auMw 

Arber D.A. 

Definition 
B-lymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) is a neoplasm of precur¬ 

sor lymphoid cells committed to the B- 

cell lineage, typically composed of small 

to medium-sized blast cells with scant 

cytoplasm, moderately condensed to 

dispersed chromatin, and inconspicu¬ 

ous nucleoli, involving bone marrow and 

blood (B-ALL) and occasionally present¬ 

ing with primary involvement of nodal or 

extranodal sites (B-LBL). By convention, 

the term lymphoma is used when the pro¬ 

cess is confined to a mass lesion with no 

or minimal evidence of blood and mar¬ 

row involvement. With extensive marrow 

and blood involvement, the appropriate 

term is B-ALL. If a patient presents with 

a mass lesion and lymphoblasts in the 

marrow, the distinction between leukae¬ 

mia and lymphoma is arbitrary (2792). 

In many treatment protocols, a value of 

>25% marrow blasts is used to define 

leukaemia. Unlike with myeloid leukae¬ 

mias, there is no agreed-upon lower limit 

for the proportion of blasts required to 

establish a diagnosis of lymphoblastic 

leukaemia (ALL). In general, the diag¬ 

nosis should be avoided when there are 

<20% blasts. Presentations of ALL with 

low blast counts are uncommon; there 

is no compelling evidence that failure to 

treat a patient when there are < 20% mar¬ 

row lymphoblasts has an adverse effect 

on outcome, 

Exclusionary criteria 
The term B-ALL should not be used to 

indicate Burkitt leukaemia/lymphoma. 

Furthermore, some cases of B-ALL/LBL 

have specific recurrent genetic abnor¬ 

malities that are associated with distinc¬ 

tive clinical and phenotypic properties, 

have important prognostic implications, 

or demonstrate other evidence that they 

are mutually exclusive of other entities. 

These cases should not be classified 

as B-ALL/LBL, NOS, but rather accord¬ 

ing to their genetic abnormalities. There 

are currently nine genetically defined B- 

ALL/LBLs, which are further described 

in section B-lymphoblastic leukaemia/ 

lymphoma with recurrent genetic abnor¬ 
malities (p. 203). 

ICD-Ocode 9811/3 

Synonyms 
Pro-B lymphoblastic leukaemia; com¬ 

mon precursor B-lymphoblastic leukae¬ 

mia; pre-B lymphoblastic leukaemia; 

pre-pre-B lymphoblastic leukaemia; 

common lymphoblastic leukaemia; pre¬ 

cursor B-cell lymphoblastic lymphoma; 

precursor B-cell lymphoblastic leukae¬ 

mia, NOS; B-cell acute lymphoblastic 

leukaemia 

Epidemiology 
ALL is primarily a disease of children; 75% 

of cases occur in children aged <6 years. 

The estimated annual incidence world¬ 

wide is 1-4.75 cases per 100 000 popu¬ 

lation (3327). The estimated number of 

new cases in the USA is approximately 

6000 per year (1603), with approximately 

80-85% being of precursor B-cell pheno¬ 

type {1501,3358}. 

B-LBL constitutes about 10% of lympho¬ 

blastic lymphomas (LBLs); the remainder 

are of T-cell lineage (419). In one literature 

review, approximately 64% of 98 reported 

cases were in patients aged <18 years 

(2448). One report indicated a male pre¬ 

dominance (2345). 

Etiology 
The etiology of B-ALL/LBL is unknown. 

There is an increased risk of B-ALL in 

children with Down syndrome and other 

constitutional genetic disorders (4494). 

Genome-wide assooiation studies have 

shown increased risk of B-ALL associ¬ 

ated with certain single nucleotide poly¬ 

morphisms (SNPs) of genes including 

GATA3, ARID5B, IKZF1, CEBPE, and 

CDKN2A/B (3051,3133). However, true 

familial ALL is rare, with some kindreds 

Fig. 12.01 B-lymphoblastic leukaemia. A Bone marrow smears showing several lymphoblasts with a high 
nuclearcytoplasmic ratio and variably condensed nuclear chromatin. B B-cell lymphoblasts containing numerous 
coarse azurophilic granules. 

Fig. 12.02 Benign B-cell precursors (haematogones) in bone marrow. A Increased haematogones in bone marrow 
biopsy section may resemble lymphoblasts. B Bone marrow aspirate smear with increased haematogones, from an 
8-year-old boy, shows lymphoid cells with a high nuclear:cytoplasmic ratio and homogeneous nuclear chromatin; 
nucleoli are not observed or are indistinct. These cells resemble the lymphoblasts in lymphoblastic leukaemia of 
childhood. 
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Fig. 12.03 B-lymphoblastic lymphoma in skin. A Neoplastic cells diffusely infiltrate the dermis but spare the epidermis. B Higher magnification of the same case shows 

lymphoblasts surrounding a blood vessel. 

described having mutations in PAX5 
(3630), ETV6 {4435}, and TP53 {3226}. 

TP53 mutation, as discussed below, 

shows a specific association with low 

hypodiploid B-ALL {1929}. Some translo¬ 

cations associated with ALL have been 

detected in neonatal specimens long 

before the onset of leukaemia, and mo¬ 

nozygotic twins with concordant leukae¬ 

mia frequently share genetic abnormali¬ 

ties {1428,2731}. However, these findings 

are thought to reflect somatic mutations 

occurring in one twin and shared via in 

utero circulation rather than constitutional 

genetic lesions. 

Localization 
By definition, the bone marrow is involved 

in all cases classified as B-ALL, and 

the peripheral blood is usually involved. 

Extramedullary involvement is common, 

with particular predilection for the cen¬ 

tral nervous system (CNS), lymph nodes, 

spleen, liver, and testes. The most frequent 

sites of involvement in B-LBL are the skin, 

soft tissue, bone, and lymph nodes {354, 

2345,2448}. Mediastinal masses are un¬ 

common {354,2448,3506}. 

Clinical features 
Most patients with B-ALL present with 

evidence and consequences of bone 

marrow failure: thrombocytopenia, anae¬ 

mia, and/or neutropenia. The leukocyte 

count may be decreased, normal, or 

markedly elevated. Lymphadenopathy, 

hepatomegaly, and splenomegaly are 

frequent. Bone pain and arthralgias may 

be prominent symptoms. Patients pre¬ 

senting with B-LBL are usually asymp¬ 

tomatic, and most have limited-stage 

disease. Head and neck presentations 

are particularly common, especially in 

children. Marrow and blood involvement 

may be present, but by definition the pro¬ 

portion of lymphoblasts in the marrow is 

<25% {2345,2448}. 

Microscopy 
In smear and imprint preparations, the 

lymphoblasts in B-ALL/LBL vary from 

small blasts with scant cytoplasm, con¬ 

densed nuclear chromatin, and indis¬ 

tinct nucleoli to larger cells with moder¬ 

ate amounts of light-blue to bluish-grey 

cytoplasm (occasionally vacuolated), 

dispersed nuclear chromatin, and mul¬ 

tiple variably prominent nucleoli. The 

nuclei are round or show convolutions. 

Coarse azurophilic granules are pres¬ 

ent in some lymphoblasts in approxi¬ 

mately 10% of cases. In some cases, the 

lymphoblasts have cytoplasmic pseudo¬ 

pods (hand-mirror cells). Normal B-cell 

precursors (haematogones) can mimic 

lymphoblasts, but they typically have 

even higher nuclear:cytoplasmic ratios, 

more-homogeneous chromatin, and no 

discernible nucleoli. 

In bone marrow biopsies, the lympho¬ 

blasts in B-ALL are relatively uniform 

in appearance, with round to oval, in¬ 

dented, or convoluted nuclei. Nucleoli 

range from inconspicuous to prominent. 

The chromatin is finely dispersed. The 

number of mitotic figures varies. LBL is 

generally characterized by a diffuse or 

(less commonly) paracortical pattern of 

involvement of lymph node. A single-file 

pattern of infiltration of soft tissue is com¬ 

mon. Mitotic figures are usually numer¬ 

ous, and in some cases there may be a 

focal so-called starry-sky pattern. The 

morphological features of B-lymphoblas¬ 

tic and T-lymphoblastic proliferations are 

indistinguishable. 

Cytochemistry 
Cytochemistry seldom contributes to the 

diagnosis of ALL. Lymphoblasts are nega¬ 

tive for MPO. Granules, if present, may 

stain light grey with Sudan Black B but are 

less intense than myeloblasts. Lympho¬ 

blasts may show periodic acid-Schiff 

(PAS) positivity, usually in the form of 

coarse granules. They may react with non¬ 

specific esterase, with a multifocal punc¬ 

tate or Golgi region pattern that shows 

variable inhibition with sodium fluoride. 

Immunophenotype 
The lymphoblasts in B-ALL/LBL are 

almost always positive for the B-cell 

markers CD19, cCD79a, and cCD22; 

although none of these by itself is spe¬ 

cific, their positivity in combination or at 

high intensity strongly supports the diag¬ 

nosis. The lymphoblasts are positive for 

CD10, surface CD22, CD24, PAX5, and 

TdT in most cases, whereas CD20 and 

CD34 expression is variable; CD45 may 

be absent and if present is nearly always 

more dimly expressed than on mature 

B cells. The myeloid-associated antigens 

CD13 and CD33 may be expressed and 

the presence of these myeloid markers 

Fig. 12.04 B-lymphoblastic leukaemia. Immunohisto- 

chemical demonstration of nuclear TdT in a bone marrow 

biopsy. 
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Fig. 12.05 B-lymphoblastic leukaemia in lymph node. The neoplastic cells infiltrate diffusely, sparing normal follicles. 

does not exclude the diagnosis of pre¬ 

cursor B-ALL, In tissue sections, CD79a 

and PAX5 are most frequentiy used to 

demonstrate B-cell differentiation, but 

CD79a is positive in many cases of T- 

ALL and is not specific {1584}. PAX5 is 

generaily considered the most sensitive 

and specific marker for B-ceil iineage 

in tissue sections {4028}, but it is also 

positive in acute myeloid leukaemia with 

t(8;21)(q22;q22,1) resulting in RUNX1- 
RUNX1T1 and rarely in other acute my- 

eioid ieukaemias {4102}. MPO can some¬ 

times be detected, most commonly by 

immunohistochemistry but also some¬ 

times by fiow cytometry, and should not 

automatically exclude the diagnosis, but 

MPO immunoreactivity most often indi¬ 

cates either acute myeloid leukaemia or 

B/myeloid acute leukaemia {131}. 

The degree of differentiation of precur¬ 

sor B-lineage lymphoblasts has clinical 

and genetic correlates. In the earliest 

stage (so-called early precursor B-ALL 

or pro-B ALL), the blasts express CD19, 

cCD79a, cCD22, and nuclear TdT. In the 

intermediate stage (so-called common 

B-ALL), the blasts express CD10. The 

most mature precursor B-cell differentia¬ 

tion stages include pre-B ALL, wherein 

the blasts express cytoplasmic mu chain, 

and occasional cases with surface heavy 

chain without light chain may be seen in 

so-called transitional pre-B ALL. Clonal 

surface immunoglobulin light chain is 

characteristically absent, although its 

presence does not exclude the possibil¬ 

ity of B-ALL/LBL {2844}. Although both 

B-ALL and normal B-cell precursors 

(haematogones) express CD10, their im- 

munophenotypes nearly always differ. 

Haematogones show a continuum of ex¬ 

pression of markers of B-cell maturation, 

including surface immunoglobulin light 

chain, and display a reproducible pattern 

of acquisition and loss of normal antigens 

{2600}. In contrast, B-ALL shows patterns 

that differ from normal, with either over¬ 

expression or underexpression of many 

markers, including CD10, CD45, CD38, 

CD58, and TdT {537,674,2408,4280}. 

These differences can be very useful in 

the evaluation of follow-up marrow speci¬ 

mens for minimal residual disease. 

Postulated normal counterpart 
Either a haematopoietic stem cell or a 

B-cell progenitor 

Genetic profile 
Antigen receptor genes 
Nearly all cases of B-ALL have clonal re¬ 

arrangements of IGH. In addition, T-cell 

receptor (TR) gene rearrangements may 

be seen in a substantial proportion of 

cases (as many as 70%) {4126}. There¬ 

fore, IGH and TR gene rearrangements 

are not helpful for lineage assignment. 

Cytogenetic abnormalities and 
oncogenes 
Cytogenetic abnormalities are seen 

in most cases of B-ALL/LBL; in many 

cases, they define specific entities with 

unique phenotypic and prognostic fea¬ 

tures (see following section). Additional 

cytogenetic lesions that are not associ¬ 

ated with the entities in the category of B- 

ALL with recurrent genetic abnormalities 

include del(6q), del(9p), and del(12p). 

but these do not have an impact on ’ 

prognosis. However, it is likely that some 

genetic lesions are prognostically impor¬ 

tant, although there is not yet sufficient 

evidence to considering these as dis¬ 

tinct entities. For example, the very rare 

ALL with t(17;19)(q22;p13.3) resulting in 

TCF3-HLF Is associated with a very poor 

prognosis, but there are too few cases to ' 

include this in the classification. 

A very large number of recurrent genetic ! 

alterations occur in B-ALL, detected ei¬ 

ther as copy-number alterations or as : 

specific mutations. Many of these, such ■ 
as alterations of PAX5, are seen in most i 

subtypes of B-ALL and are likely funda¬ 

mental to the pathogenesis of the dis- - 

ease. Mutations in other genes, such as ; 

the RAS family of oncogenes and IKZF1, 
are seen in a more restricted distribution. 

Although they are not strictly part of the 

definition of genetic entities, they do tend 

to be associated with particular types. | 

Prognosis and predictive factors | 
B-ALL has a good prognosis in chil- j 

dren, but a less favourable prognosis in ' 

adults, The overall complete remission ! 

rate is >95% in children, versus 60-85% 

in adults. Approximately 80% of children 

with B-ALL appear to be cured, versus 

<50% of adults. More-intensive therapy 

improves cure rates, and there is some 

evidence that, at least in younger adults, 

therapy with more-intensive so-called 

paediatric-type regimens is associated 

with better outcome {408,1521}, 

Infancy, older patient age, higher white 

blood cell count, slow response to initial 

therapy as assessed by morphological 

examination of blood and/or bone mar¬ 

row, and the presence of minimal residual 

disease after therapy are all associated 

with adverse prognosis {380,572,829, 

3589,3679,4129}. The presence of CNS 

disease at diagnosis is associated with 

adverse outcome and requires specific 

therapy {764}. The important effect of ge¬ 

netic lesions is discussed in the sections 

below. 

The prognosis of B-LBL is also relatively 

favourable, and like that of B-ALL, it ap¬ 

pears to be better in children than in 

adults {2448}. 
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B-lymphoblastic leukaemia/lymphoma 
with recurrent genetic abnormaiities 

Borowitz M.J. 

Chan J.K.C. 

Downing J.R. 

Le Beau M.M 

Arber D.A. 

Definition 
B-lymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) with recurrent genetic ab¬ 

normalities is a group of diseases char¬ 

acterized by recurrent genetic abnormali¬ 

ties, including balanced translocations 

and abnormalities involving chromosome 

number. Many chromosomal abnormali¬ 

ties that are non-randomly associated 

with B-ALL are not included as sepa¬ 

rate entities in this section. Although the 

inclusion or exclusion of a given genetic 

entity is somewhat arbitrary, those in¬ 

cluded have been chosen because they 

are associated with distinctive clinical or 

phenotypic properties, have important 

prognostic implications, demonstrate oth¬ 

er evidence that they are biologically dis¬ 

tinct, and are generally mutually exclusive 

with other entities. 

B-lymphoblastic 
leukaemia/lymphoma with 
t(9:22)(q34.1;q11.2); 
BCR-ABL1 

Definition 
B-lymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) with t(9;22)(q34.1;q11.2) is 

a neoplasm of lymphoblasts committed 

to the B-cell lineage in which the blasts 

harbour a translocation between BCR on 
chromosome 22 and the ABL1 oncogene 

on chromosome 9. 

ICD-Ocode 9812/3 

Epidemiology 
B-ALL with BCR-ABL1 is relatively more 

common in adults than in children, ac¬ 

counting for about 25% of adult ALL but 

only 2-4% of childhood cases. 

Clinical features 
The presenting features are generally 

similar to those seen in patients with oth¬ 

er B-ALLs. Most children with B-ALL with 

BCR-ABL1 are considered to have high- 

risk on the basis of age and white blood 

cell count, but there are otherwise no 

Fig. 12.06 B-lymphoblastic leukaemia with t(9;22) 

(q34.1;q11.2); BCR-ABL1. This bone marrow from an 

adult is completely replaced by lymphoblasts. Mitotic 
figures are numerous. 

characteristic clinical findings. Although 

patients with B-ALL with BCR-ABL1 may 

have organ involvement, lymphomatous 

presentations are rare. 

Microscopy 
There are no unique morphological or cy- 

tochemical features that distinguish this 

entity from other types of ALL. 

Immunophenotype 
B-ALL with BCR-ABL1 is typically posi¬ 

tive for CD10, CD19, and TdT. There is 

frequent expression of myeloid-associ¬ 

ated antigens CD13 and CD33 {1712); 

KIT (CD117) is typically not expressed. 

CD25 is highly associated with B-ALL 

with BCR-ABL1, at least in adults {3030}. 

Rare cases of ALL with BCR-ABL1 have 

a T-cell precursor phenotype. 

Cell of origin 
There is some evidence that the cell of ori¬ 

gin of B-ALL with BCR-ABL1 is more imma¬ 

ture than that of other B-ALL cases {773}. 

Genetic profile 
The t(9;22) translocation results from fu¬ 

sion of BCR at 22q11.2 and the cytoplas¬ 

mic tyrosine kinase gene ABU at 9q34.1, 

with production of a BCR-ABL1 fusion 

protein. In most childhood cases of ALL 

with t(9;22), a p190 BCR-ABL1 fusion pro¬ 

tein is produced. In adults, about half of 

all cases produce the p210 fusion protein 

that is characteristic of BCR-ABL1-pos\- 
tive chronic myeloid leukaemia, and the 

remainder produce the p190 transcript. 

No definite clinical differences have been 

attributed to these two gene products. 

The t(9;22) may be associated with other 

genetic abnormalities, including (in rare 

cases) abnormalities that might other¬ 

wise cause a case to be placed in one of 

the other categories discussed below. It 

is generally believed that the clinical fea¬ 

tures in such cases are governed by the 

presence of the t(9;22). 

Prognosis and predictive factors 
Historically, in both children and adults, 

B-ALL with BCR-ABL1 has been consid¬ 

ered to have the worst prognosis of the 

major cytogenetic subtypes of ALL. Its 

higher frequency in adult ALL explains in 

part the relatively poor outcome of adults 

with ALL. In children, favourable clinical 

features including younger age, lower 

white blood cell count, and response to 

therapy are associated with somewhat 

better outcome {146}. Therapy with tyros¬ 

ine kinase inhibitors has had a significant¬ 

ly favourable effect on outcome {3588}. 

B-lymphoblastIc 
leukaemia/lymphoma with 
t(v;11q23.3): 
KMT2A-rearranged 

Definition 
B-lymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) with t(v;11q23.3) is a neo¬ 

plasm of lymphoblasts committed to the 

B-cell lineage in which the blasts harbour 

a translocation between KMT2A (also 

called MLL) at band 11q23.3 and any of 

a large number of fusion partners. Leu¬ 

kaemias that have deletions of 11q23.3 

without KMT2A rearrangement are not 

included in this group. 

lCD-0 code 9813/3 
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Fig. 12.07 B-lymphoblastic leukaemia/lymphoma with t(v;11q23.3); KMT2/t-rearranged. FISH study using a break- 

apart probe for KMT2A (previously called MLL): the normal KMT2A gene [MLL(11q23)] appears as juxtaposed red 

and green signals or sometimes a yellow signal; the translocation is demonstrated by separation of the red and green 

probes (MLLsp). 

Synonym 
B-lymphoblastic leukaemia/lymphoma 

with t(v;11q23); /WLL-rearranged 

Epidemiology 
B-ALL with KMT2A rearrangement is the 

most common leukaemia in infants aged 

< 1 year. It is less common in older child¬ 

ren and then becomes increasingly com¬ 

mon with age into adulthood. 

Etiology 
Although the specific etiology of leukae¬ 

mia with KMT2A translocations is un¬ 

known, this rearrangement may occur 

in utero, with a short latency between 

the translocation and development of 

disease. Evidence for this includes the 

fact that these leukaemias are frequent 

in very young infants, as well as the fact 

that this translocation has been identified 

in neonatal blood spots of patients who 

subsequently develop leukaemia |1277}. 

Clinical features 
Patients with this leukaemia typically 

present with very high white blood cell 

counts: frequently >100x 10®/L. There 

is also a high frequency of CNS involve¬ 

ment at diagnosis. Although organ in¬ 

volvement may be seen, pure lymphoma- 

tous presentations are not typical. 

Microscopy 
There are no unique morphological or 

cytochemical features that distinguish 

this entity from other types of ALL. In 

some cases of leukaemias with KMT2A 
rearrangement, it may be possible to rec¬ 

ognize distinct lymphoblastic and mono- 

blastic populations, a finding that can be 

confirmed by immunophenotyping; such 

cases should be considered B/myeloid 

leukaemias. 

Immunophenotype 
Cases of B-ALL with KMT2A rearrange¬ 

ments, especially t(4;11), typically have a 

CD19-I-, CD10-, CD24-, pro-B immuno¬ 

phenotype, and are also positive for 

CD15 {1712,3066}. The NG2 homologue 

encoded by CSPG4 is also oharaoteris- 

tically expressed and is relatively specific. 

Genetic profile 
The KMT2A gene on ohromo- 

some 11q23.3 is a promiscuous onco¬ 

gene, with >100 fusion partners. Trans¬ 

locations involving this gene can be 

detected by standard karyotyping stud¬ 

ies or by FISH with a break-apart probe 

directed against the KMT2A gene. PCR 

can be used to identify major transloca¬ 

tion partners, but a negative PCR result 

cannot exolude an alternative fusion part¬ 

ner. The most common partner gene is 

AFF1 {AF4) on ohromosome 4q21. Other 

common partner genes include MLLT1 
{ENL) on chromosome 19p13 and MLLT3 
{AF9) on chromosome 9p21.3. KMT2A- 
MLLT1 fusions are also common in T- 

ALL, whereas fusions between KMT2A 
and MLLT3 are more typically associ¬ 

ated with acute myeloid leukaemia. Leu¬ 

kaemias with KMT2A rearrangement are 

frequently associated with overexpres¬ 

sion of FLT3 {149). In contrast to nearly 

all other categories of B-ALL, B-ALL with 

KMT2A rearrangement in infants has very 

few associated additional mutations, with 

frequencies among the lowest of all can¬ 

cers {99}; when mutations occur, they 

typically involve RAS pathways {1039}. 

Prognosis and predictive factors 
Leukaemias with the KMT2A-AFF1 trans¬ 

location have a poor prognosis. There is 

some controversy as to whether leukae¬ 

mias with translocations other than the 

KMT2A-AFF1 translocation have as poor 

a prognosis as those with KMT2A-AFF1. 
Infants with KMT2A rearrangement, in 

particular those aged <6 months, have a 

particularly poor prognosis {1039}. 

B-lymphoblastic 
leukaemia/lymphoma with 
t(12:21)(p13.2;q22.1); 
ETV6-RUNX1 

Definition 
B-lymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) with t(12;21 )(p13.2;q22.1) 

is a neoplasm of lymphoblasts commit¬ 

ted to the B-cell lineage in which the 

blasts harbour a translocation between 

ETV6 (also called TEL) on chromo¬ 

some 12 and RUNX1 (also called AML1) 
on chromosome 21. 

iCD-Ocode 9814/3 

Synonym 
B acute lymphoblastic leukaemia/ 

lymphoma with t(12;21 )(p13;q22), 

TEL/AML1 {ETV6-RUNX1) 

Epidemiology 
This leukaemia is not seen in infants, but 

is common in children, accounting for 

about 25% of cases of B-ALL in that age 

group. It decreases in frequency with age 

to the point that it is rare in adulthood. 

Clinical features 
The presenting features are generally 

similar to those seen in patients with 

other ALLS. 

Microscopy 
There are no unique morphological or cy¬ 

tochemical features that distinguish this 
entity from other types of ALL. 

Immunophenotype 
Blasts have a CD19-I-, CDIO-i- phenotype 

and are most often CD34 positive;, other 

phenotypic features, including near or 
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TEL / AML 1 Extra Signal Probe 
t(12;21)(p13;q22) 

r 

Fig. 12.08 B-lymphoblastic leukaemia/lymphoma with t(12;21)(p13.2;q22.1); ET\/6-RUNX1. FISH study using 

probes against RUNX1 (AML1) (red) and ETV6 (TEL) (green). The normal genes appear as isolated red or green 

signals, and the fusion gene (arrows) appears as a yellow signal. 

! complete absence of CD9, CD20, and 

I CD66c {421,914,1712), are relatively spe- 

i, cific. Myeloid-associated antigens, es- 

I pecially CD13, are frequently expressed 

I 1283). 

j Cell of origin 
j This leukaemia appears to derive from a 

i B-cell progenitor rather than a haemato- 

i. poietic stem cell (580). 

t 
i Genetic profile 
; The ETV6-RUNX1 translocation results 

' in the production of a fusion protein that 

j probably acts in a dominant negative 

! fashion to interfere with normal function of 

' the transcription factor RUNX1. This leu- 

; kaemia appears to have a unique gene 

expression signature {4423}, The ETV6- 
RUNX1 translocation is considered to be 

an early lesion in leukaemogenesis, as 

evidenced by studies of neonatal blood 

spots that have shown the presence 

of the translocation in children who de¬ 

velop leukaemia many years later {4311). 

There Is evidence that the translocation is 

necessary but not sufficient for the devei- 

opment of leukaemia {4311). 

Prognosis and predictive factors 
B-ALL with the ETV6-RUNX1 transloca¬ 

tion has a very favourable prognosis, with 

cure seen in >90% of children, especially 

if they have other favourable risk factors. 

Relapses often occur much later than do 

those of other types of ALL. Because this 

translocation appears to occur as an early 

event, it has been suggested that some 

late relapses in fact derive from persis¬ 

tent so-called preleukaemic clones that 

harbour the translocation and undergo 

additional genetic events after the first leu¬ 

kaemia clone has been eliminated {1234). 

Children with this leukaemia who also have 

adverse prognostic factors, such as age 

> 10 years or high white blood cell count, 

do not have as good a prognosis, but may 

still fare better as a group than other ALL 

patients with the same adverse factors. 

B-lymphoblastic 
leukaemia/lymphoma with 
hyperdiploidy 

Definition 
B-lymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) with hyperdiploidy is a 

neoplasm of lymphoblasts committed 

to the B-cell lineage whose blasts con¬ 

tain >50 chromosomes (usually <66), 

typically without translocations or other 

struotural alterations. There is contro¬ 

versy as to whether the specifie chromo¬ 

somal additions, rather than the specific 

number of chromosomes, should be part 

of the definition {1554,3284,3835). 

ICD-Ocode 9815/3 

Synonyms 
Hyperdiploid acute lymphoblastic leu¬ 

kaemia; high hyperdiploid acute lympho¬ 

blastic leukaemia; acute lymphoblastic 

leukaemia with favourable trisomies 

Epidemiology 
This leukaemia is common in children, 

accounting for about 25% of cases of 

B-ALL in this age group. It is not seen 

in infants, and decreases in frequency 

among older children. It Is uncommon in 

adulthood, accounting for about 7-8% of 

cases of B-ALL in adults {2771}, 

Clinical features 
The presenting features are generally 

similar to those seen in patients with oth¬ 

er ALLS. 

Microscopy 
There are no unique morphological or cy- 

tochemical features that distinguish this 

entity from other types of ALL. 
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Fig. 12.09 B-lymphoblastic leukaemia with hyperdiploidy, G-banded karyotype showing 55 chromosomes, including 

trisomies of chromosomes 4,10, and 17 and tetrasomy 21. There are no structural abnormalities. 
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Immunophenotype 
Blasts are positive for CD19 and CD10, 

and express other markers typical of B- 

ALL. Most cases are CD34 positive, and 

CD45 is often absent {1712}. Patients with 

T-ALL with hyperdiploidy should not be 

considered part of this group, although 

most such patients have near-tetraploid 

karyotypes. 

Genetic profile 
Hyperdiploid B-ALL contains a numeri¬ 

cal increase in chromosomes, usually 

without structural abnormalities. Extra 

copies of chromosomes are non-ran¬ 

dom: chromosomes 21, X, 14, and 4 are 

the most common, and chromosomes 1, 

2, and 3 are the least often seen {1598}. 

Hyperdiploid B-ALL can be detected by 

conventional karyotyping, FISH, or flow 

cytometric DNA index {2523}. Some cas¬ 

es that appear to be hyperdiploid ALL 

by conventional karyotyping may in fact 

be hypodiploid ALL that has undergone 

endoreduplication, doubling the number 

of chromosomes. The specific chromo¬ 

somes that appear as trisomies may be 

more important to prognosis than the 

actual number of chromosomes, with si¬ 

multaneous trisomies of chromosomes 4 

and 10 carrying the best prognosis 

{3835}. 

Prognosis and predictive factors 
Hyperdiploid B-ALL has a very favour¬ 

able prognosis, with cure seen in >90% 

of children overall, and even more com¬ 

monly among children with a favourable 

risk profile. Adverse factors such as ad¬ 

vanced patient age and high white blood 

cell count may adversely affect the prog¬ 

nosis, but these patients may not fare as 

badly as others without this favourable 

genetic abnormality. Too few adult cases 

have been studied to determine the prog¬ 

nosis in adulthood. 

B-lymphoblastic 
leukaemia/lymphoma with 
hypodiploidy 

Definition 
B-lymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) with hypodiploidy is a neo¬ 

plasm of lymphoblasts committed to 

the B-cell lineage whose blasts contain 

<46 chromosomes. Hypodiploid ALL is 

divided into three (or sometimes four) 

subtypes: (1) near-haploid ALL (with 23- 

29 chromosomes), (2) low hypodiploid 

ALL (with 33-39 chromosomes), and (3) 

high hypodiploid ALL (with 40-43 chro¬ 

mosomes). A fourth category, near-dip¬ 

loid ALL (with 44-45 chromosomes), is 

often not included in definitions of hypo¬ 

diploid ALL, at least for treatment pur¬ 

poses, because such cases do not share 

the poor prognostic features of the other 

three categories {2802}. 

ICD-Ocode 9816/3 

Epidemiology 
Hypodiploid ALL accounts for about 5% 

of ALL cases overall, but when the defini¬ 

tion is restricted to cases with <45 chro¬ 

mosomes, the figure is closer to 1%. 

Hypodiploid ALL occurs in both children 

and adults, although near-haploid ALL 

(23-29 chromosomes) appears to be 

limited to childhood. 

Clinical features 
The presenting features are generally 

similar to those seen in patients with oth¬ 

er ALLS. 

Microscopy 
There are no unique morphological or 

cytochemical features that distinguish 

this entity from other types of ALL. 

Immunophenotype 
Blasts have a B-cell precursor phenotype 

(typically CD19+, CDIO-r), but there are 

no other distinctive phenotypic features. 

Genetic profile 
By definition, all cases show loss of one 

or more chromosomes. Structural ab¬ 

normalities may be seen in the remain¬ 

ing chromosomes, although there are no 

specific abnormalities that are character¬ 

istically associated. Structural abnormali¬ 

ties are almost never seen in near-hap¬ 

loid ALL. The diagnosis of near-haploid 

or low hypodiploid ALL may be missed 

by standard karyotyping, because the 

hypodiploid clone can undergo endore¬ 

duplication, which doubles the number 

of chromosomes and results in a near¬ 

diploid or hyperdiploid karyotype. Flow 

cytometry can generally detect a clone 

with a DNA index of <1.0, although this 

may be a minor population. FISH may 

also identify cells hypodiploid for chro¬ 

mosomes, and this diagnosis should be 

suspected when there is a discrepancy 

between a karyotype and FISH results 

with respect to the number of chromo¬ 

somes present. 

The various classes of hypodiploid ALL 

are associated with distinctive genetic 

lesions {1929}. Near-haploid ALL often 

has RAS or receptor tyrosine kinase mu¬ 

tations. Low hypodiploid ALL is the most 

distinctive class: the great majority of 

cases show loss-of-function mutations in 

TP53 and/or RB1. Some of the TP53 mu¬ 

tations are germline, suggesting a form 

of Li-Fraumeni syndrome. These genetic 

lesions do not occur in high hypodiploid 

ALL, which is not associated with any 

specific gene alterations. 

Prognosis and predictive factors 
Hypodiploid ALL has a poor prognosis, 

with near-haploid ALL having the worst 

prognosis in some studies {1560,2802}. 

There is some evidence that patients 

may fare poorly even if they do not have 

minimal residual disease following ther¬ 

apy, which is in contrast to other types 

of ALL. 

B-lymphoblastIc 
leukaemia/lymphoma with 
t(5;14)(q31.1;q32.1): 
IGH/IL3 

Definition 
B-lymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) with t(5;14)(q31.1;q32.1) is 

a neoplasm of lymphoblasts committed 

to the B-cell lineage in which the blasts 

harbour a translocation between IL3 and 

an IGH gene, resulting in variable eosino- 

philia. This diagnosis can be made on the 

basis of immunophenotypic and genetic 

findings even if the bone marrow blast 

count is low. 

ICD-Ocode 9817/3 

Epidemiology 
This is a rare disease, accounting for 

< 1% of cases of ALL. it has been report¬ 

ed in both children and adults. 

Clinical features 
The presenting clinical characteristics 

may be similar to those seen in patients 

with other ALLs, or patients may present 

with an asymptomatic eosinophilia, and 

blasts may be deceptively absent in the 
peripheral blood. 
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Fig. 12.10 B-lymphoblastic leukaemia with t(5;14)(q31.1;q32.1); \GHIIL3. Bone marrow smear showing a population 

of typical lymphoblasts along with numerous mature eosinophils. The granule distribution in some of the eosinophils 

is unusual, but this is not a consistent factor. 

Microscopy 
Blasts in this neoplasm have the typi¬ 

cal morphology of lymphoblasts, but the 

striking finding is an increase in circulat¬ 

ing eosinophils. This is a reactive popula¬ 

tion and not part of the leukaemic clone. 

Immunophenotype 
Blasts have a CD19+, CDIO-t- pheno¬ 

type. The finding of even small numbers 

of blasts with this phenotype in a patient 

with eosinophilia strongly suggests this 

diagnosis. 

Genetic profile 
The unique characteristics of this neo¬ 

plasm derive from a functional re¬ 

arrangement between the IL3 gene on 

chromosome 5 and an IGH gene on 

chromosome 14, resulting in constitu¬ 

tive overexpression of IL3 {1463}. Other 

than eosinophilia, the functional con¬ 

sequences of this rearrangement are 

not well understood. The abnormality is 

typically detected by conventional karyo¬ 

typing; it can also be detected by FISH, 

although appropriate probes are not 

widely available. 

Prognosis and predictive factors 
The prognosis is not considered to be 

different from that of other types of ALL, 

although there are too few cases to be 

certain. Blast percentage at diagnosis is 

not known to be a predictive factor. 

B-lymphoblastic 
leukaemia/lymphoma with 
t(1;19)(q23:p13.3): 
TCF3-PBX1 

Definition 
B-lymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) with t(1;19)(q23;p13.3) is a 

neoplasm of lymphoblasts committed to 

the B-cell lineage in which the blasts har¬ 

bour a translocation between TCF3 (also 

known as E2A) on chromosome 19 and 

PBX1 on chromosome 1. 

ICD-Ocode 9818/3 

Epidemiology 
This leukaemia is relatively common in 

children, accounting for about 6% of cas¬ 

es of B-ALL, it is less common in adults. 

Clinical features 
The presenting features are generally 

similar to those seen in patients with 

other ALLS. 

Microscopy 
There are no unique morphological or 

cytochemical features that distinguish 

this entity from other types of ALL. 

Immunophenotype 
Blasts typically have a pre-B phenotype, 

with positivity for CD19, CD10, and cy¬ 

toplasmic mu heavy chain, although not 

all cases of pre-B ALL have the t(1;19). 

This diagnosis can be suspected even 

when cytoplasmic mu is not determined, 

because these leukaemias typically 

show strong expression of CD9 and lack 

CD34, or show very limited CD34 expres¬ 

sion on only a minor subset of leukaemic 

cells {420}, 

Genetic profile 
The TCF3-PBX1 translocation results in 

the production of a fusion protein that 

has an oncogenic role as a transcrip¬ 

tional activator, and also likely interferes 

with the normal function of the transcrip¬ 

tion factors coded by TCF3 and PBX1 
{2243}. The functional fusion gene re¬ 

sides on chromosome 19, and there may 

be loss of the derivative chromosome 1 in 

some cases, resulting in an unbalanced 

translocation. Gene expression profil¬ 

ing studies have identified a signature 

unique to this lesion {4423}. An alterna¬ 

tive TCF3 translocation, t(17;19), occurs 

in rare cases of ALL involving the HLF 
gene on chromosome 17 and is associ¬ 

ated with a dismal prognosis. Therefore, 

demonstration of a TCF3 rearrangement 

by itself is not a diagnostic criterion for 

this leukaemia. 

A subset of B-ALL cases, most common¬ 

ly hyperdiploid B-ALLs, have a karyotypi- 

cally identical t(1;19) that involves neither 

TCF3 nor PBX1, and should not be con¬ 

fused with this entity. 

Prognosis and predictive factors 
In early studies, B-ALL with TCF3-PBX1 
was associated with a poor prognosis, 

but this is now readily overcome with 

modern intensive therapy. However, 

there may be an increased relative risk 

of CNS relapse in these patients {1850}. 

Many treatment protocols no longer re¬ 

quire identification of this genetic lesion; 

the importance of identifying it as a dis¬ 

tinct entity is controversial, although the 

findings of unique immunophenotypic 

and genetic features support its inclusion 

as a distinct entity. 
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B-lymphoblastic 
leukaemia/lymphoma, 
BCR-ABL1-llke 

Definition 
BCR-ABL1-\\ke B-lymphoblastic leu¬ 

kaemia/lymphoma (B-ALL/LBL) Is a 

neoplasm of lymphoblasts committed 

to the B-cell lineage that laok the BCR- 
ABL1 translocation but show a pattern of 

gene expression very similar to that seen 

in ALL with BCR-ABL1. Leukaemias with 

these properties frequently have translo¬ 

cations involving other tyrosine kinases, 

or alternatively have translocations in¬ 

volving CRLF2 or (less commonly) re¬ 

arrangements leading to truncation and 

activation of EPOR. From a practical 

standpoint, it is difficult to identify these 

leukaemias without complex laboratory 

analysis, and it is also difficult to soreen 

cases of B-ALL to determine which cas¬ 

es would need such analysis; however, 

diagnostic technology in this area is pro¬ 

gressing rapidly. Because of the clinical 

importance of identifying these cases, 

BCR-ABL1-\\ke B-ALL/LBL has been in¬ 

cluded as a provisional entity, 

ICD-Ocode 9819/3 

Epidemiology 
This leukaemia is relatively common, oc¬ 

curring in 10-25% of patients with ALL; 

the frequency is lowest in ehildren with 

United States National Cancer Institute 

(NCI) standard-risk ALL and progres¬ 

sively higher in children with high-risk 

ALL, adolescents, and adults. Children 

with Down syndrome have a very high fre¬ 

quency of B-ALL with CRLF2 transloca¬ 

tions. The frequency of certain genomic 

lesions varies with ethnicity; \G\-\/CRLF2 
translocations are more eommon in His- 

panics and in individuals with Native 

American genetic ancestry (1577), 

Etiology 
No details are known about the etiology 

of this leukaemia, but it has been shown 

that certain inherited GATAUvariants con¬ 

fer an increased risk of this entity (3133). 

Clinical features 
The presenting olinical features are gen¬ 

erally similar to those seen in patients 

with other ALLs, although patients tend 

to have high white blood cell counts at 

presentation. 

Microscopy 
There are no unique morphological or cy- 

tochemical features that distinguish this 

entity from other types of ALL. 

Immunophenotype 
Blasts typically have a CD19+, CDIO-r 

phenotype. The subset of cases with 

C/TLC?translocations show very high lev¬ 

els of surface expression of the protein 

product by flow cytometry; this can be a 

useful screen for translocations, because 

cases without elevated expression essen¬ 

tially never show a C/TLA? translocation. 

There are no specific immunophenotypic 

features associated with translocations 

involving EPO/T or tyrosine kinases. 

Genetic profile 
BCR-ABL1-\'\ke B-ALLs were originally 

identified by their distinctive gene expres¬ 

sion profile, although different groups’ al¬ 

gorithms do not always identify the same 

patients {398). BCR-ABL1-\\ke leukae¬ 

mias show various types of chromosomal 

rearrangements, involving many different 

genes and various partners (3370). Cas¬ 

es with CRLF2 rearrangements, which 

account for about half of cases overall, 

often show an interstitial deletion of the 

PARI gene family on Xp22.3 and Yp11.3, 

which juxtaposes CRLF2 to the promoter 

of the P2RY8 gene. An alternative trans¬ 

location involves IGH. IGH translocation 

can also involve EPOR. The tyrosine 

kinase-type translocations have been 

reported to involve ABL1 with partners 

other than BCR, as well as other kinas¬ 

es, including ABL2, PDGFRB, NTRK3, 
TYK2, CSF1R, and JAK2. More than 

30 partner genes have been described. 

Kinase translocations only rarely coexist 

with CRLF2 rearrangements. Some of 

these translocations can be detected by 

standard karyotype analysis, but many 

are cryptic, in particular those involving 

an interstitial deletion of CRLF2. Many 

cases of BCR-ABL1-\\ke ALL also show 

deletions or mutations in other genes 

known to be important to leukaemogen- 

esis, including IKZF1 and CDKN2A/B, 
although IKZF1 in particular is not spe¬ 

cific enough for this group of diseases to 

be part of the definition {398}, About half 

of the cases of CPLPP-rearranged ALL 

have mutations in JAK2 or JAK1. 

Prognosis and predictive factors 
Overall, patients with BCR-ABL1-\\ke 
ALL have a poor prognosis {397,398}; 

however, these patients also have a 

higher risk of being positive for minimal 

residual disease, and determining the 

extent to which the outcome is impaoted 

by minimal residual disease status is dif¬ 

ficult {3371}. C/TLFE translocations have 

specifieally been associated with poor 

prognosis in several studies, but there 

is some controversy as to whether this is 

true only in certain subgroups of patients 

{1111,1577,3038,4125}. 

Many of the small number of children 

who are primarily resistant to induction 

chemotherapy have a translocation tar¬ 

geting PDGFRB, most often with EBF1 as 

the partner. These patients have shown 

dramatic responses to ABL-olass tyros¬ 

ine kinase inhibitors such as imatinib and 

dasatinib {4306}. Clinical trials are be¬ 

ing developed to test the hypothesis that 

treatment of all patients with ABL-olass 

fusions with tyrosine kinase inhibitors 

will greatly improve their poor outcome. 

Patients with JAK mutations or transloca¬ 

tions may be candidates for treatment 

with JAK inhibitors, although the effec¬ 

tiveness of such treatment has not yet 

been proven. 

B-lymphoblastIc 
leukaemia/lymphoma with 
iAMP21 

Definition 
B-iymphoblastic leukaemia/lymphoma 

(B-ALL/LBL) with iAMP21 is a neoplasm 

of lymphoblasts committed to the B-cell 

lineage characterized by amplification 

of a portion of chromosome 21, typically 

detected by FISH with a probe for RUNX1 
that reveals >5 copies of the gene (or >3 

extra copies on a single abnormal chro¬ 

mosome 21) {1561,1597}. 

ICD-Ocode 9811/3 

Epidemiology 
This disease is most often identified in 

children with ALL, and is more common in 

older children who present with low white 

blood cell counts. It accounts for about 

2% of cases of B-ALL. The incidence in 

adult ALL has not been established, but 

appears to be lower than in children. 

Etiology 
Although the etiology of this entity is not 

fully understood, mechanistic clues .have 

been derived from the observation that 
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individuals with the rare constitutional 

Robertsonian translocation rob(15;21) 

(q10;q10)c have a nearly 3000-fold in¬ 

creased risk of developing this leukaemia, 

which appears to involve chromothripsis; 

this mechanism is likely to be contributory 

in sporadic cases as well {2314}. 

Microscopy 
There are no unique morphological or cy- 

tochemical features that distinguish this 

entity from other types of ALL, 

Immunophenotype 
Other than the observation that these 

cases occur exclusively in B-ALL, no de¬ 

tailed Immunophenotypic Information is 

known. 

Genetic profile 
This leukaemia is recognized by FISH with 

the probes used to identify ETV6-RUNX1 
translocation. However, the pathogenesis 

of the disease does not involve RUNX1, 
although It is part of the critical region 

consistently amplified. In about 20% of 

cases, this is the only cytogenetic ab¬ 

normality; in the remainder, many other 

chromosomal abnormalities are seen, the 

most common of which include gains of 

the X chromosome and abnormalities of 

chromosome 7. This entity is associated 

with deletions of RB1 and ETV6, and with 

rearrangements of CRLE2 at a frequency 

greater than is seen in other ALLs, but the 

role of these additional alterations in this 

leukaemia is uncertain. Given the unique 

nature of the iAMP21 alteration, cases 

with genetic lesions that might suggest 

another category of classification, such 

as CRLE2 translocations, should still be 

included as B-ALL/LBL with iAMP21, 

Prognosis and predictive factors 
ALL with iAMP21 has a relatively poor 

prognosis among children with cases 

that would otherwise be classified and 

treated as standard-risk ALL, although it 

appears that treatment of these children 

with more intensive therapy overcomes 

this adverse risk {1561}. Children with 

high-risk ALL with iAMP21 probably do 

not require any special therapy. 

T-lymphoblastic leukaemia/lymphoma Borowitz M.J 

Chan J.K.C. 

Bene M.-C. 

Arber D.A. 

Definition 
T-lymphoblastIc leukaemia/lymphoma (T- 

ALL/LBL) is a neoplasm of lymphoblasts 

committed to the T-cell lineage, typically 

composed of small to medium-sized blast 

cells with scant cytoplasm, moderately 

condensed to dispersed chromatin, and 

inconspicuous nucleoli, involving bone 

marrow and blood (T-ALL) or presenting 

with primary involvement of the thymus or 

of nodal or extranodal sites (T-LBL). By 

convention, the term lymphoma is used 

when the process is confined to a mass 

lesion with no or minimal evidence of pe¬ 

ripheral blood and bone marrow involve¬ 

ment. With extensive bone marrow and 

peripheral blood Involvement, the appro¬ 

priate term is T-ALL. If a patient presents 

with a mass lesion and lymphoblasts in 

the bone marrow, the distinction between 

leukaemia and lymphoma Is arbitrary, 

in many treatment protocols, a value of 

>25% bone marrow blasts is used to de¬ 

fine leukaemia. Unlike with myeloid leu¬ 

kaemias, there is no agreed-upon lower 

limit for the proportion of blasts required 

to establish a diagnosis of ALL. In gener¬ 

al, the diagnosis should be avoided when 

there are <20% blasts. 

ICD-0 code 9837/3 

Synonyms 
Precursor T-lymphoblastic leukaemia/ 

lymphoma; T acute lymphoblastic 

leukaemia 

Epidemiology 
T-ALL accounts for about 15% of child¬ 

hood ALL cases; it is more common in 

adolescents than in younger children, 

and more common in males than in fe¬ 

males. T-ALL accounts for approximately 

25% of cases of adult ALL. T-LBL ac¬ 

counts for approximately 85-90% of all 

LBLs; like its leukaemic counterpart, it is 

most frequent in adolescent males, but 

can occur in any age group. 

Fig. 12.11 T-lymphoblastic leukaemia, A Blood smear. The lymphoblasts vary in size from large cells to small cells with a very high N:C ratio. B Bone marrow biopsy section 

showing mitotic activity in the lymphoblasts. 
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Fig. 12.12 T-lymphoblastic lymphoma. A Low-magnification view of a lymph node showing complete replacement by lymphoblastic lymphoma. Numerous tingible-body 

macrophages are scattered throughout the node. B High-magnification view of the same specimen, showing lymphoblasts with round to oval to irregularly shaped nuclei with 

dispersed chromatin and distinct but not unusually prominent nucleoli. Several mitotic figures are present. 

Etiology 
One study reported a set of T-ALL cas¬ 

es in monozygotic twins that shared the 

same TR gene rearrangement (1235), 

suggesting an in utero origin of the ear¬ 

liest genetic lesions. 

Localization 
The bone marrow is involved in all cases 

of T-ALL. Unlike in B-ALL, aleukaemic 

presentations in the setting of bone mar¬ 

row replacement are uncommon. T-LBL 

frequently shows mediastinal (thymic) 

involvement, although it may involve any 

lymph node or extranodal site. The skin, 

tonsils, liver, spleen, CNS, and testes 

may be involved, although presentation 

at these sites without nodal or mediasti¬ 

nal Involvement is uncommon. 

Clinical features 
T-ALL typically presents with a high leu¬ 

kocyte count, and often with a large me¬ 

diastinal mass or other tissue mass. Lym- 

phadenopathy and hepatosplenomegaly 

are common. For a given leukocyte count 

and tumour burden, T-ALL often shows 

relative sparing of normal bone marrow 

haematopoiesis compared to B-ALL. 

T-LBL frequently presents with a mass in 

the anterior mediastinum, often exhibiting 

rapid growth and sometimes presenting 

as a respiratory emergency. Pleural effu¬ 

sions are common. 

Microscopy 
The lymphoblasts in T-ALL/LBL are mor¬ 

phologically Indistinguishable from those 

of B-ALL/LBL. In smears, the cells are of 

medium size with a high N:C ratio; there 

may be a considerable size range, from 

small lymphoblasts with very condensed 

nuclear chromatin and no evident nucle¬ 

oli to larger blasts with finely dispersed 

chromatin and relatively prominent nucle¬ 

oli. Nuclei range from round to irregular to 

convoluted. Cytoplasmic vacuoles may 

be present. Occasionally, blasts of T-ALL 

may resemble more mature lymphocytes; 

in such cases, immunophenotypic stud¬ 

ies may be required to distinguish this 

disease from a mature (peripheral) T-cell 

leukaemia. 

In bone marrow sections, the lympho¬ 

blasts have a high N:C ratio, a thin nucle¬ 

ar membrane, finely stippled chromatin, 

and inconspicuous nucleoli. The number 

of mitotic figures is reported to be higher 

in T-ALL than in B-ALL. In T-LBL, the 

lymph node generally shows complete 

effacement of architecture and Involve¬ 

ment of the capsule. Partial Involvement 

in a paracortical location with sparing of 

germinal centres may occur. Sometimes, 

a multinodular pattern is produced due 

to stretching of the fibrous framework, 

mimicking follicular lymphoma. A starry- 

sky effect may be present, sometimes 

mimicking Burkitt lymphoma, although 

the nucleoli and cytoplasm are typically 

less prominent in T-LBL. The blasts can 

have round or convoluted nuelei. Mitotic 

figures are often numerous. In the thy¬ 

mus, there is extensive replacement of 

the thymic parenchyma and permeative 

infiltration of the surrounding fibroadi- 

pose tissue. 

Cases with histological findings of T-LBL 

with a significant infiltrate of eosinophils 

among the lymphoma cells may be as¬ 

sociated with eosinophilia, myeloid hy¬ 

perplasia, and an 8p11.2 cytogenetic 

abnormality involving the FGFR1 gene 

(see Myeloid/lymphoid neoplasms with 
FGFR1 rearrangement, p. 77) (15,1760). 

Cytochemistry 
T-iymphoblasts frequently show focal 

acid phosphatase activity in smear and 

imprint preparations, although this is not 

specific. 

Immunophenotype 
The lymphoblasts in T-ALL/LBL are usu¬ 

ally TdT-positive and variably express 

CDIa, CD2, CD3, CD4, CD5. CD7, and 

CDS. Of these markers, CD7 and CD3 

(cytoplasmic) are most often positive, 

but only CD3 is considered lineage 

specific. CD4 and CDS are frequently 

coexpressed on the blasts, and CD10 

may be positive; however, these immu- 

nophenotypes are not specific for T-ALL, 

because CD4 and CDS double positivity 

can also be seen in T-cell prolymphocytic 

leukaemia and CD10 positivity in periph¬ 

eral T-cell lymphomas (most commonly 

anglolmmunoblastic T-cell lymphoma). 

In addition to TdT and CD34, CDIa and 

CD99 may help to Indicate the precur¬ 

sor nature of T-lymphoblasts (3373). In 

29-48% of cases, there is nuclear stain¬ 

ing for TALI, but this does not necessar¬ 

ily correlate with presence of TAL1 gene 
alteration (695,931). 

CD79a positivity has been observed in 

approximately 10% of cases (3188). One 

or both of the myeloid-associated an¬ 

tigens CD13 and CD33 are expressed 

in 19-32% of cases (1998,4088). KIT 

(CD117) is positive in occasional cases; 

such cases have been associated, with 

activating mutations of FLT3 (3027). The 
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Fig. 12.13 T-lymphoblastic lymphoma. Low-magnification view showing a multinodular or so-called pseudofollicular 

pattern that can sometimes mimic follicular lymphoma. 

presence of myeloid markers does not 

exclude the diagnosis of T-ALL/LBL, nor 

does it indicate T/myeloid mixed-pheno¬ 

type acute leukaemia. 

Many markers characteristic of immature 

T cells, such as CD7, CD2, and even CDS 

and cCD3-epsllon, may also be seen In 

NK-cell precursors. Therefore, it can be 

very difficult to distinguish the rare true 

NK-cell ALL/LBL from T-ALL that ex¬ 

presses only immature markers. CD56 

expression, although characteristic of 

NK cells, does not exclude T-cell leu¬ 

kaemia. T-ALL/LBL has previously been 

stratified into four stages of intrathymic 

differentiation according to the antigens 

expressed (332): (1) pro-T/T-l, (2) pre- 

T/T-ll, (3) cortical T/T-lll, and (4) medul¬ 

lary T/T-IV. Many cases previously clas¬ 

sified as pro-T or pre-T would now meet 

the criteria for early T-cell precursor ALL 

(see next section). Like normal thymo¬ 

cytes, T-ALL of the cortical T stage often 

has a double-positive (CD4-I-, CD8-(-) im- 

munophenotype together with CDIa posi¬ 

tivity, whereas the medullary T stage ex¬ 

presses either CD4 or CDS. Some studies 

have shown a correlation between the 

stages of T-cell differentiation and surviv¬ 

al. T-ALL tends to have a more immature 

immunophenotype than does T-LBL, but 

the groups overlap (4287). 

Postulated normal counterpart 
A T-cell progenitor (T-ALL) or a thymic 

lymphocyte (T-LBL) 

Genetic profile 
Antigen receptor genes 
T-ALL/LBL almost always shows clonal 

rearrangements of the T-cell receptor 

(TR) genes, and there is simultaneous 

presence of IGH gene rearrangements in 

approximately 20% of cases (3187,3860). 

Cytogenetic abnormaiities and 
oncogenes 
An abnormal karyotype is found in 

50-70% of cases of T-ALL/LBL (1426, 

1534). The most common recurrent cy¬ 

togenetic abnormality involves the al¬ 

pha and delta TR loci at 14q11.2, the 

beta locus at 7q35, and the gamma lo¬ 

cus at 7p14-15, with a variety of partner 

genes (1426,1534). In most cases, these 

translocations lead to a dysregulation of 

transcription of the partner gene by jux¬ 

taposition with the regulatory region of 

one of the TR loci. The most commonly 

involved genes include the transcrip¬ 

tion factors TLX1 (also called HOX11) 
at 10q24, which is involved in 7% of 

childhood and 30% of adult cases, and 

TLX3 (also called HOX11L2) at 5q35, 

which is involved in 20% of childhood 

and 10-15% of adult cases (1426). Other 

transcription factors that may be involved 

in translocations include MYC at 8q24.1, 

TAL1 at 1p32, LMOt (also called RBTN1) 
at 11p15, LM02 {also called RBTN2) at 

11p13, and LYL1 at 19p13 (897,1426). 

The cytoplasmic tyrosine kinase LCK 
at 1p34.3-35 can also be involved in a 

translocation. In many cases, transloca¬ 

tions are not detected by karyotyping 

but only by molecular genetic studies. 

For example, the TAL1 locus is altered 

by translocation in about 20-30% of 

cases of T-ALL, but a t(1;14)(p32;q11) 

translocation can be detected in only 

about 3% of cases. Much more often, 

TAL1 is fused to STIL (also called SIL) 

Fig. 12.14 T-lymphoblastic leukaemia. In this example, 

the lymphoblasts lack nuclear convolutions. The 

chromatin is finely stippled. 

as a result of a cryptic interstitial deletion 

at chromosome 1p32 (467,1596,1837). 

Aberrant TAL1 expression interferes with 

differentiation and proliferation by inhib¬ 

iting the transcriptional activity of TCF3 
(also called E47) and TCF12 {also called 

HEB) (2919). Other important transloca¬ 

tions in T-ALL include t(10;11 )(p13iq14), 

which results in PICALM-MLLT10 (also 

called CALM-AF10) and is found in 10% 

of cases, and translocations involving 

KMT2A (also called MLL), which occur in 

8% of cases, most often with the partner 

MLLT1 (also called ENL) at 19p13 (1426); 

both result in activation of HOXA genes 

(2614). It has been proposed that T-ALL 

be divided into four distinct, non-overlap¬ 

ping genetic subgroups based on spe¬ 

cific translocations that lead to aberrant 

expression of (1) TAL or LMO genes, (2) 

TLX1, (3) TLX3, and (4) HOXA genes, re¬ 

sulting in arrest of T-cell maturation at dis¬ 

tinct stages of thymocyte development 

(2614,4143). The TLX1 group appears 

to have a relatively favourable prognosis 

(1189). Another group, characterized by 

overexpression of LYL1, may correspond 

more closely to early T-cell precursor 

ALL (2614). 

Deletions also occur in T-ALL. The most 

important is del(9p), resulting in loss of 

the tumour suppressor gene CDKN2A 
(an inhibitor of the cyclin-dependent ki¬ 

nase CDK4), which occurs at a frequen¬ 

cy of about 30% by cytogenetics, and a 

greater frequency by molecular testing. 

This leads to loss of G1 control of the 

cell cycle. 

About 50% of cases have activating muta¬ 

tions involving the extracellular heterodi¬ 

merization domain and/or the C-terminal 
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PEST domain of NOTCH1, which en¬ 

codes a protein critical for early T-cell 

development (4294). The direct down¬ 

stream target of NOTCH1 appears to be 

MYC, which contributes to the growth of 

the neoplastic cells {4295}, According to 

one study, NOTCH1 mutation is associat¬ 

ed with shorter survival in adults but not in 

paediatric patients {4492). In about 30% 

of cases, there are mutations in FBXW7, 
a negative regulator of NOTCH1. These 

missense mutations result in an increased 

half-life of the NOTCH1 protein {2478}. 

Prognosis and predictive factors 
T-ALL in childhood is generally consid¬ 

ered a higher-risk disease than B-ALL, 

although this is in part due to the frequent 

presence of high-risk clinical features 

(i.e. older age and higher white blood cell 

count). However, patients with T-ALL lack¬ 

ing high-risk features do not fare as well 

as those with standard-risk B-ALL unless 

intensive therapy is given. Compared to 

B-ALL, T-ALL is associated with a higher 

risk of induction failure, early relapse, and 

isolated CNS relapse {1393}. Unlike in 

B-ALL, white blood cell count does not 

appear to be a prognostic factor. Minimal 

residual disease following therapy is a 

strong adverse prognostic factor {4319}, 

although there is evidence that patients 

who are positive for minimal residual 

disease at the end of induction therapy 

still do very well if the minimal residual 

disease is cleared by day 78 {3584}. In 

adult protocols, T-ALL is treated similarly 

to other types of ALL. The prognosis of 

T-ALL may be better than that of B-ALL in 

adults, although this may reflect the lower 

incidence of adverse cytogenetic abnor¬ 

malities. The prognosis of T-LBL, like that 

of other lymphomas, depends on patient 

age, disease stage, and lactate dehydro¬ 

genase levels {2727}. 

Several cases of an entity referred to as 

indolent T-lymphoblastic proliferation 

have been described. These typically in¬ 

volve the upper aerodigestive tract and 

are characterized by multiple local recur¬ 

rences without systemic dissemination 

{2941}. These cases are morphologically 

and immunophenotypically similar to T- 

LBL, but are cytologically less atypical, 

show a developmentally normal (rather 

than aberrant) thymic phenotype, and 

lack clonal rearrangements of the TR 

genes {2941}. 

Early T-cell precursor 
lymphoblastic leukaemia 

Definition 
Early T-cell precursor (ETP) lymphoblas¬ 

tic leukaemia (ETP-ALL) is a neoplasm 

composed of cells committed to the 

T-cell lineage but with a unique immu- 

nophenotype indicating only limited early 

T-cell differentiation. 

ICD-0 code 9837/3 

Epidemiology 
This is an uncommon neoplasm found in 

both children and adults, accounting for 

approximately 10-13% of cases of T-ALL 

in childhood, and for 5-10% of cases of 

adult ALL. 

Microscopy 
Blasts from patients with ETP-ALL are 

similar to those from patients with other 

alls: small to medium-sized with scant 

cytoplasm and inconspicuous nucleoli, 

Immunophenotype 
ETP-ALL expresses CD7 but by defini¬ 

tion lacks CD8 and CDIa and is positive 

for one or more of the myeloid / stem cell 

markers CD34, KIT (CD117), HLA-DR, 

CD13, CD33, CDIIb, and CD65. Blasts 

also express cytoplasmic, or in rare 

cases surface CD3, and may express 

CD2 and/or CD4. CD5 is often negative; 

when positive, it is present on <75% of 

the blast population {828}. It has been 

suggested that leukaemias that express 

brighter or more uniform CD5 but oth¬ 

erwise meet the criteria for ETP-ALL be 

called near-ETP-ALL {4362}, By defini¬ 

tion, MPO is negative, because a leukae¬ 

mia with an otherwise ETP immunophe¬ 

notype that also expresses MPO would 

most likely meet the criteria for T/myeloid 

mixed-phenotype acute leukaemia. A 

unique case of an MPO-negative leukae¬ 

mia with an ETP phenotype with blasts 

containing Auer rods has been described 

{1275}. This finding, coupled with the fre¬ 

quent expression of myeloid markers in 

ETP-ALL, as well as the genetic findings 

outlined below, underscores the promis¬ 

cuity between immature precursor T cells 

and the myeloid lineage, supporting the 

notion of lymphocyte-primed multipotent 

progenitors {3342}. 

Cell of origin 
ETP-ALL is postulated to derive from a 

subset of cells that have immigrated to 

the thymus from the bone marrow but 

are not yet irreversibly committed to the 

T-cell lineage and retain the potential for 

myeloid/dendritic-cell differentiation. 

Genetic profile 
Gene expression profiling studies of 

ETP-ALL have identified an expression 

profile similar to that of normal early thy¬ 

mocyte precursors and different from 

that of cases of T-ALL corresponding to 

later maturational stages. The overex¬ 

pressed genes included many that are 

more typically associated with myeloid 

or stem cell profiles, such as CD44, 
CD34, KIT, GATA2, and CEBPA {828, 

4475}. In addition, previously described 

cases of the immature T-ALL character¬ 

ized by LYL1 overexpression {1189} likely 

constitute ETP-ALL. The mutation profile 

is also more similar to that of myeloid 

leukaemias than to those of other T-cell 

leukaemias {2855,2856,4142,4475}, with 

mutations reported at high frequencies in 

FLT3, the RAS family of genes, DNMT3A, 
IDFI1, and /D/-/2; more-typical ALL le¬ 

sions, such as NOTCH1 activating muta¬ 

tions and mutations in CDKN1 /2 genes, 
are reported at low frequencies {4142}. 

Prognosis and predictive factors 
Initial descriptions of this entity suggest¬ 

ed that the outcome of the small num¬ 

bers of children with ETP-ALL was very 

poor compared with that of other patients 

with T-ALL {828}, and other small se¬ 

ries showed similar results {1765,2420}. 

However, more recent, larger series with 

more effective therapy showed either a 

small but statistically non-significant dif¬ 

ference in outcome {3106} or (in the larg¬ 

est series to date) no effect whatsoever 

{4362}, despite the fact that rates of mini¬ 

mal residual disease in ETP-ALL at the 

end of induction therapy are higher than 

among other patients with T-ALL. There 

are fewer data in adults, but one small 

study suggested no prognostic effect of 

ETP-ALL {1497}. Therefore, although the 

kinetics of response to therapy appears 

to be very different in ETP-ALL com¬ 

pared with other T-ALL, the ultimate out¬ 

come with appropriate therapy appears 

to be the same. 
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NK-lymphoblastic leukaemia/lymphoma 

Definition 
NK-lymphoblastic leukaemia/lymphoma 

has been very difficult to define, and 

there is considerable confusion in the 

literature. Contributing to this confusion 

is the fact that many cases reported as 

NK-leukaemia due to expression of CD56 

(NCAM) are now recognized to in fact be 

blastic plasmacytoid dendritic cell neo¬ 

plasms {3151,3152}. Similarly, the entity 

known as myeloid/NK acute leukaemia 

{3599,3841), which has been suggested 

to be of precursor NK-cell origin {3000}, 

has a primitive immunophenotype indis¬ 

tinguishable from that of acute myeloid 

leukaemia with minimal differentiation. 

Until further evidence emerges, these 

should be considered as cases of acute 

myeloid leukaemia. 

Early in their development, NK-cell pro¬ 

genitors express no specific markers 

{1255}, or express markers that overlap 

with those seen in T-ALL, including CD7, 

CD2, and even CDS and cCD3-epsilon 

{3757}; therefore, distinguishing between 

T-ALL and NK-cell tumours can be dif¬ 

ficult. More-mature but more-specific 

markers such as CD16 are rarely ex¬ 

pressed in any acute leukaemia; some 

markers that might be considered rela¬ 

tively specific but that are still expressed 

on NK-cell progenitors (e.g. CD94 

and CD161 {1255}) are not commonly 

tested. Some well-characterized cases 

of NK precursor tumours with lympho- 

matous presentations that expressed 

NK-specific CD94 1A transcripts have 

been described {2338}. It is hoped that 

Borowitz M.J. 

Bene M.-C. 

Harris N.L. 

Porwit A. 

Matutes E. 

Arber D.A. 

wider availability of more specific NK-cell 

markers, including panels of antibodies 

against killer-cell immunoglobuiin-like re¬ 

ceptors, will help clarify this disease, but 

until then, NK-ALL/LBL is best consid¬ 

ered a provisional entity. The diagnosis 

of precursor NK-ALL/LBL may be con¬ 

sidered in a case that expresses CD56 

along with immature T-associated mark¬ 

ers such as CD7 and CD2, and even 

including cCD3, provided that the case 

lacks B-cell and myeloid markers, TCP 

and IG genes are in the germline con¬ 

figuration {1975,2070,3000}, and blastic 

plasmacytoid dendritic cell neoplasm 

has been excluded. 
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Definition 
Chronic lymphocytic leukaemia/small 

lymphocytic lymphoma (CLL/SLL) is a 

neoplasm composed of monomorphic 

small mature B cells that coexpress CDS 

and CD23. There must be a monoclonal 

B-cell count >5x10®/L, with the char¬ 

acteristic morphology and phenotype 

of CLL in the peripheral blood. Indi¬ 

viduals with a clonal CLL-like cell count 

<5x10®/L and without lymphadenopa- 

thy, organomegaly, or other extramed¬ 

ullary disease are considered to have 

monoclonal B-cell lymphocytosis. Al¬ 

though CLL and SLL are the same dis¬ 

ease, the term SLL is used for cases with 

a circulating CLL ceil count <5x10®/L 

and documented nodal, splenic, or other 

extramedullary involvement {1523}. 

ICD-0 code 9823/3 

preponderance, with a male-to-female 

ratio of 1.5-2:1. CLL/SLL accounts for 

7% of non-Hodgkin lymphomas {2759, 

3515}. The disease is rare in Asian coun¬ 

tries, with the low incidence maintained in 

emigrant populations {2451). This finding, 

together with the reported familial cases, 

indicates a genetic basis and predisposi¬ 

tion for the disease. 

Etiology 
B-cell receptors of CLL cells demonstrate 

highly selected IGHV gene usage or even 

very similar antigen-binding sites, coded 

by both heavy and light chain genes (so- 

called stereotypes), and thus differ from 

the B-cell receptors of much broader di¬ 

versity found in normal B lymphocytes. 

These findings support the concept of a 

limited set of (auto-)antigenic elements 

promoting division of precursor cells and 

clonal evolution {28}. 

Less often, lymphadenopathy, spleno¬ 

megaly, anaemia, or thrombocytopenia | 

can lead to the diagnosis. In a few cases, j 

the diagnosis is reached after work-up for i 

other manifestations of CLL/SLL, such i 

as an autoimmune cytopenia (i.e. auto- ; 

immune haemolytic anaemia, immune 

thrombocytopenia, or erythroblastope- ; 

nia) {1652} or an infection, most frequent- * 

ly pulmonary. A small paraprotein, usually ^ 

of IgM type, can be observed in approxi- i 

mately 10% of the patients {87}. The fre- ;{ 

quency of hypogammaglobuiinaemia is | 

about 30% at diagnosis and increases | 

over time, to as much as 60% among pa- ■ 
tients with advanced disease {3059). Ex- i 

tramedullary involvement (e.g. of the skin, ; 

gastrointestinal tract, kidneys, or CNS) ■ 
occurs in a small proportion of patients ; 

{3315}. Patients with CLL can experience [ 

severe allergic reactions to insect bites r 

{235}. i 

Synonyms 
Chronic lymphocytic leukaemia, B-cell 

type; chronic lymphoid leukaemia; 

chronic lymphatic ieukaemia 

Epidemiology 
CLL is the most common leukaemia 

of adults in western countries. The an¬ 

nual incidence rate is about 5 cases 

per 100 000 population, and dramati¬ 

cally increases with age, to as many 

as >20 cases per 100 000 individuals 

aged >70 years. The median patient 

age at diagnosis of CLL is approximately 

70 years, but CLL can also present in 

younger adults {3060). There is a male 

Localization 
CLL/SLL involves the blood, bone mar¬ 

row, and secondary lymphoid tissues 

such as the spleen, lymph nodes, and 

Waldeyer ring. Extranodal involvement 

(e.g. of the skin, gastrointestinal tract, or 

CNS) occurs in a small subset of cases 

{3315}. SLL is diagnosed in 10-20% of 

cases, and as many as 20% evolve into 

frank CLL {3516}. 

Clinical features 
Most cases of CLL in western countries 

are diagnosed on the basis of routine 

blood analysis in asymptomatic subjects. 

Microscopy 
Lymph nodes and spleen ' 

Enlarged lymph nodes show diffuse ar- ■ 
chitectural effacement by a proliferation j 

of small lymphocytes with variably promi- i 

nent scattered paler proliferation centres , 

(so-called pseudofollicles) (2267). In ; 

some cases, there is a vaguely nodular i 

appearance. Only partial nodal involve- i 

ment with an interfollicular or perifollicu- ; 

lar infiltration pattern may be seen {224, : 

3894). The predominant cell in the diffuse } 

areas is a small lymphocyte with scant i 

cytoplasm, usually a round nucleus with { 

clumped chromatin, and occasionally a ; 

Fig. 13.01 Chronic lymphocytic leukaemia / small lymphocytic lymphoma (CLL/SLL). A Bone marrow trephine section illustrating a nodular pattern of infiltration. B Bone marrow 

trephine section illustrating an interstitial pattern of lymphocytic infiltration. C Peripheral blood. The CLL lymphocytes are small and round, with distinct clumped chromatin. 

Smudge cells are commonly seen. 

216 Mature B-ceil neoplasms 



■f ’ cr: V©®©^’<S'-'* 

c 

‘V 

:^-'v . 

■ - ,<^ •i O' 
'- -) 

'■,C-., •/ - 
'V.-r ■•'. 

‘t; 
.1 
t-' ^ 

Qt-, rO:/ 
' sS. * 

:;-'5 

■i*? 

A'.*” 

r. 'iV <‘v' . 

Fig. 13.02 Chronic lymphocytic leukaemia/small lymphocytic lymphoma (CLL/SLL), A Lymph node involved by CLL 

showing regularly spaced proliferation centres in a dark background (Giemsa stain). B High-magnification showing a 

mixture of small lymphocytes with scant cytoplasm and clumped chromatin, slightly larger prolymphocytes with more 

dispersed chromatin and small nucleoli, and individual paraimmunoblasts (arrows), which are larger cells with round 

to oval nuclei, dispersed chromatin, and a central nucleolus. 

Fig. 13.03 CLL/SLL in lymph node, A Periodic acid-Schiff (PAS) staining reveals a proliferation centre embedded 

in a darker background of small lymphocytes. B High-magnification view of lymph node shows clustering of larger 

lymphoid cells (prolymphocytes and paraimmunoblasts) in the proliferation centre. 

small nucleolus. Mitotic activity is usu¬ 

ally very low. In some cases, the small 

lymphoid cells show moderate nuclear ir¬ 

regularity, which can lead to a differential 

diagnosis of mantle cell lymphoma {411}. 

Some cases show plasmacytoid differ¬ 

entiation. The proliferation oentres are 

composed of a continuum of small lym¬ 

phocytes, prolymphocytes, and paraim¬ 

munoblasts. Prolymphocytes are small 

to medium-sized eells with relatively 

clumped chromatin and small nucleoli; 

paraimmunoblasts are larger cells with 

round to oval nuolei, dispersed ehro- 

matin, central eosinophilic nucleoli, and 

slightly basophilio cytoplasm {411,2267). 

In some cases, the proliferation centres 

are very large (broader than a 20x field) 

and confluent {760,1373}. Such cases are 

usually associated with increased prolif¬ 

eration, deletion in 17p13, trisomy 12, and 

a more aggressive course compared to 

cases with smaller proliferation centres 

{760,1134,1373}. In the spleen, white pulp 

involvement is usually prominent, but the 

red pulp is also involved; proliferation 

centres may be seen but are less con¬ 

spicuous than in lymph nodes. 

Bone marrow and blood 
CLL cells are small lymphocytes with 

clumped chromatin and scant cytoplasm. 

Smudge or basket cells are typically 

seen in peripheral blood smears. In most 

cases, besides typical CLL cells, other 

lymphoid cells (e.g. prolymphocytes, 

cells with irregular nuclear contours, and 

larger cells with more dispersed chroma¬ 

tin and more abundant cytoplasm) are 

also observed, but they usually consti¬ 

tute <15% of the lymphoid cells. Cases 

with a higher proportion of these cells but 

<55% prolymphocytes have been called 

atypical CLL. In such cases, trisomy 12 

and strong positivity for surface immuno¬ 

globulin, CD20, and FMC7 are frequently 

found {341}. The finding of >55% pro¬ 

lymphocytes defines B-cell prolympho- 

cytic leukaemia {341,1523}. Bone mar¬ 

row biopsy may show interstitial, nodular, 

mixed (nodular and interstitial), or diffuse 

involvement; diffuse involvement is usu¬ 

ally associated with more advanced dis¬ 

ease {2720}. Paratrabecular aggregates 

are not typical. Proliferation centres can 

be observed, although they are not as 

prominent as in lymph nodes, and follicu¬ 

lar dendritic cells may be present {716). 

Most cases have >30% CLL cells in the 

bone marrow aspirate {1523}. 

Immunophenotype 
Circulating leukaemic B cells express 

CD19 and dim surface IgM/lgD, CD20, 

CD22, and CD79b. They are also posi¬ 

tive for CD5 and CD43 and strongly posi¬ 

tive for CD23 and CD200 {1027}. CD10 is 

negative and FMC7 is usually negative or 

only weakly expressed. The immunophe¬ 

notype of CLL cells has been integrated 

into a scoring system that helps in the 

differential diagnosis of CLL and other 

B-cell leukaemias {2582,2722}. Some 

cases have an atypical immunophe¬ 

notype (e.g. CD5- or CD23-, FMC7-I-, 

strong surface immunoglobulin, or 

CD79b-i-) {838, 2580). Flowever, in these 

cases it is imperative that the possibility 

of some other type of B-cell neoplasm, 

such as splenic marginal zone lympho¬ 

ma in CDS- cases, be excluded. 

In tissue sections, cytoplasmic immuno¬ 

globulin may be detectable. CD20 and 

CD23 expression is usually stronger in 

cells of the proliferation centres than in 

the diffuse areas {2202}. Follicular den¬ 

dritic cell meshworks are present in some 

cases, and may be associated with the 

proliferation centres. LEF1 is useful to 

identify CLL/SLL infiltration in tissues, 

because it is aberrantly expressed in 

almost all CLL/SLL, whereas normal ma¬ 

ture B lymphocytes and virtually all other 

small B-cell lymphomas are negative 

{3893}. Cyclin D1 is not expressed, but 

some positive cells can be seen in pro¬ 

liferation centres in about 30% of cases. 

These cells are SOX11-negative and do 

not carry chromosomal translocations af¬ 

fecting the CCND1 gene {1419}. MYC and 

NOTCH1 proteins may also be expressed 
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Fig. 13.04 CLL/SLL in lymph node, histologically aggressive, A The pale areas, corresponding to proliferation centres, are expanded and confluent. B Note the larger cells in the 

proliferation centre and the mitotic figures, C Ki-67 staining highlights the expansion and high proliferation rate of the cells in the proliferation centres. 
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in proliferation centres independently of 

gene alterations {2047,2123}. 

Postulated normal counterpart 
An antigen-experienced mature CD5-i- 

B cell with mutated or unmutated IGHV 

genes {721} 

Genetic profile 
Antigen receptor genes 
IGHV gene usage in CLL is highly 

skewed; IGHV genes are mutated (l.e. 

<98% identity with the germline) in 50- 

70% of cases and unmutated (i.e. >98% 

identity) in 30-50% {863,1528}. Patients 

can have very similar, if not identical, 

immunoglobulin sequences, a phenom¬ 

enon that is present in 30% of all CLL 

cases and termed ‘BCR stereotypy’ (28). 
BCR signalling is more active in CLL with 

unmutated IGHV genes {4483}, where¬ 

as other cases, in particular those with 

mutated IGHV genes, have a response 

resembling energy, CLL B-ceil recep¬ 

tors have been shown to recognize both 

foreign and self antigens, including the 

possibility of the monoclonal immuno¬ 

globulin recognizing itself on the same or 

an adjacent cell (so-called autonomous 
signalling) {1072). 

Cytogenetic abnormalities and 
oncogenes 
CLL has no specific genetic markers, ; 

About 80-90% of the cases have cy- } 

togenetic abnormalities detected by 

FISH or copy-number arrays {1073,2469, { 

3244}. The most common alterations are l 

deletions in 13q14.3 (miR-16-1 and miR- 

15a; present in -50% of cases) and tri- | 

somy 12 or partial trisomy 12q13 (pres- j 

ent in -20%); less commonly, there is | 

deletion in 11q22-23 {ATM and BIRC3), i 

17p13 {TP53), or 6q21 {1073,1510,4469}. 

The distribution of these abnormalities 

varies depending on the IGHV mutation 

status (see Table 13.01), High-resolution 

genomic arrays have helped to refine and } 

expand the known DMA copy-number al- 1 
terations, identifying gains in 2p (present ! 

in 7% of cases) and 8q24 (MYC: in 3%), 

as well as losses of 14q (in 4%), among 

others {1079,2469,3244}, Chromosomal 

translocations in CLL are uncommon, but 

t(14;18)(q32;q21), resulting in \G\-\/BCL2, 
can be found, most likely as a secondary 

change, in 2% of cases, usually with mu- ! 

tated IGHV. Translocations involving the { 

13q14 region, present in 2% of cases, are j 

associated with miR-16-1 and miR-15a | 

deletions {3244,3247}, The t(14;19) 

(q32;q13) translocation, resulting in IGH/ | 

BCL3, is present in occasional cases of || 

CLL with unmutated IGHV genes {1730}. 

Complex rearrangements within sin- | 

gle chromosomes (chromothripsis) and ( 

among chromosomes have been identi- | 

tied in 2% of cases, mainly with unmu- ! 

tated IGHV genes and frequently in asso- | 

ciation with 7P53 mutations {1079, 3244}. f 

The most commonly mutated genes, af- { 

fected in 3-15% of cases, are NOTCH1, | 
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Fig. 13.05 Chronic lymphocytic leukaemia. Immunophenotype of CLL (orange), normal B cells (blue), and T cells 

(green) by flow cytometry. CLL cells have weak expression of CD22, CD79b (top-left plot), and CD20 (top-middle 

plot); coexpression of CDS (top-middle plot) and CD43 (top-right plot); strong expression of CD200 (bottom-left plot) 

and CD23 (bottom-middle plot); negative FMC7 (bottom-middle plot); and restricted expression of dim kappa light 

chain (bottom-right plot). 
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SF3B1, TP53, ATM. BIRC3, P0T1. and 

MYD88. Many other genes are mutated 

at lower frequencies. The mutation profile 

varies with the evolution of the disease; 

aberrations of some genes, in particular 

TP53, BIRC3. NOTCH1, and SF3B1 are 

more frequently present at relapse {2207, 

2208,3244,4242). 

Whole-genome DNA methylation stud¬ 

ies have identified three epigenetic sub¬ 

groups of CLL with methylation signa¬ 

tures closely related to different stages 

of B-cell differentiation: one resembling 

naive B cells, one resembling memory 

B cells, and one with a signature inter¬ 

mediate between those of naive and 

memory B ceils (2130). These three 

epigenetic CLL subgroups (naive-like, 

memory-like, and intermediate) have dif¬ 

ferent biological characteristics and only 

partially overlap with IGHV mutation sta¬ 

tus (2921,3259). Naive-like CLLs have 

mainly unmutated IGHV genes, whereas 

most epigenetically intermediate and 

memory-like CLLs have mutated IGHV 

genes. However, the clinical behaviour 

of the intermediate subgroup is more ag¬ 

gressive than that of memory-like CLL 

(3259). Although these epigenetic sub¬ 

groups have been identified using ge¬ 

nome-wide methylation arrays, they can 

also be reproducibly identified in clinical 

practice using pyrosequencing of only 

five epigenetic biomarkers (3259). 

Genetic susceptibility 
CLL is a multifactorial disease with con¬ 

siderable heritability. A familial predispo¬ 

sition can be documented in 5-10% of 

patients with CLL (1396,3697). The overall 

risk of developing CLL is 2-7 times high¬ 

er in first-degree relatives of CLL patients. 

These patients also have an increased 

risk for other lymphoid neoplasms (603). 

Family members of patients with CLL also 

show an increased incidence of CLL-like 

monoclonal B-cell lymphocytosis. Ge¬ 

netic studies have identified as many as 

30 genomic loci related to inherited sus¬ 

ceptibility to CLL (355,3747). 

Prognosis and predictive factors 
The Rai and Binet clinical staging sys¬ 

tems are used to define disease extent 

and prognosis (382,3283). Patients 

with mutated IGHV genes have a better 

prognosis than do those with unmutated 

genes (4469). Expression of ZAP70, 

CD38, or CD49d is associated with an 

adverse prognosis (833). The three epi- 

Table 13.01 Relation of IGHV mutation status and genomic aberrations in 300 cases of 

chronic lymphocytic leukaemia. From: Krober A, et al. {2120A} 

Frequency 

Mutated IGHV Unmutated IGHV 

Aberration(s) n = 132 (44% of cases) n = 168 (56% of cases) 

Clonal aberrations 80% 84% 

13q deletion* 65% 48% 

Isolated 13q deletion* 50% 26% 

Trisomy 12 15% 19% 

11q deletion* 4% 27% 

17p deletion* 3% 10% 

17por 11q deletion* 7% 35% 

‘Significant difference between cases with and without IGHV mutation. 

genetic subtypes are also of prognostic 

significance; naive-like cases have the 

worst prognosis and memory-like cases 

the best (2921,3259). Deletion in 11q 

and in particular deletion in 17p confers 

a worse clinical outcome, whereas iso¬ 

lated deletion in 13q14 is associated with 

a more favourable clinical course (833). 

CLL with a high proportion of cells with 

isolated 13q deletion, however, do not 

do as well )1722A,3246A,4132A). TP53 
abnormalities (i.e. deletion in 17p13 and 

TP53 mutations) are predictive of lack 

of response to fludarabine-containing 

regimes; therefore, these aberrations 

should be checked for in all patients 

before starting any line of therapy. Prog¬ 

nostic and predictive factors need to be 

more firmly established for newer thera¬ 

peutic strategies such as B-cell receptor 

or BCL2 inhibitors. Complex karyotype 

also correlates with poor outcome (940, 

3012). The presence of a stereotyped B- 

cell receptor utilizing the IGHV3-21 gene 

(so-called subset #2) is an adverse pro¬ 

gnostic marker independent of IGHV mu¬ 

tations (240). Additional adverse predic¬ 

tive factors include a rapid lymphocyte 

doubling time in the blood (< 12 months) 

and serum markers of rapid cell turno¬ 

ver, including elevated thymidine kinase 

and beta-2 microglobulin (383). Muta¬ 

tions in TP53, ATM, NOTCH1, SF3B1. 
and BIRC3, among others, are associ¬ 

ated with a poor outcome (2208,3244). 

The integration of these results with other 

prognostic parameters requires further 

study (241). 

Progression and transformation 
of ohronic iymphocytic leukaemia into 
high-grade lymphoma 
Clinical progression of CLL/SLL is of¬ 

ten associated with an increase in size 

and proliferative activity of the CLL cells. 

Proliferation centres in lymph nodes may 

expand with a higher proliferation rate 

and become confluent (760,1134,1373). 

Histologically aggressive CLLs are rec¬ 

ognized by proliferation centres that are 

Fig. 13.06 Diffuse large B-cell lymphoma (DLBCL) 

transformed from chronic lymphocytic leukaemia. The 

area with DLBCL is composed of a monotonous popula¬ 

tion of large cells with immunoblastic features. 

Fig. 13.07 Diffuse large B-cell lymphoma (DLBCL) 

transformed from chronic lymphocytic leukaemia. The 

transformed DLBCL cells are intermingled with residual 

small lymphocytes. 
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Fig. 13.08 Classic Hodgkin lymphoma-type Richter transformation of chronic lymphocytic ieukaemia/small lymphocytic lymphoma (CLL/SLL). A The CLL/SLL, with paler 

proliferation centres, is seen on the left and classic Hodgkin lymphoma on the right. B Area of CLL/SLL, with paler proliferation centres, that includes some paraimmunoblasts. 

C Areas with CHL contain many Reed-Sternberg cells and variants, as well as eosinophils, some histiocytes, and small lymphocytes. D The Reed-Sternberg cells and variants 

are CD15-positive. E CD15+ Reed-Sternberg cell. 

broader than a 20x field or becoming 

confluent. Although data are limited, 

cases may also belong in this category 

when the Ki-67 proliferation index is 

>40% or there are >2.4 mitoses in the 

proliferation centres {760,1373}. These 

cases are reported to have an outcome 

intermediate between those of typical 

CLL and classic Richter syndrome (dif¬ 

fuse large B-cell lymphoma; DLBCL) 

{760,1373}. An increasing proportion of 

prolymphocytes in the blood may also be 

seen (prolymphocytoid transformation). 

However, progression of CLL into B-cell 

prolymphocytic leukaemia does not oc¬ 

cur, by definition. Approximately 2-8% of 

patients with CLL develop DLBCL, and 

< 1% develop classic Hodgkin lymphoma 

{453,2492,4006}, Most cases of DLBCL- 

type Richter syndrome are clonally relat¬ 

ed to the previous CLL, i.e. they express 

the same immunoglobulin gene rear¬ 

rangement, and are IGHV-unmutated, 

whereas clonally unrelated cases usu¬ 

ally occur in IGHV-mutated CLL {2492, 

4006}. The former are associated with a 

median survival time of < 1 year, whereas 

the prognosis of the latter is identical to 

that of a de novo DLBCL {3058}. DLBCL 

transformation is associated with TP53 
and NOTCH1 mutations, CDKN2A de¬ 

letions, and MYC translocations {712, 

1125,3245}. The vast majority of Hodgkin 

lymphoma cases occur in mutated CLL, 

are EBV-positive, and are unrelated to 

the CLL clone {2492}. The diagnosis of 

Hodgkin lymphoma in the setting of CLL 

requires classic Reed-Sternberg cells in 

an appropriate background. The pres¬ 

ence of scattered EBV-positive or some¬ 

times EBV-negative Reed-Sternberg 

cells in the background of CLL does 

not fulfil the criteria for the diagnosis of 

Hodgkin lymphoma, EBV-associated 

lymphoproliferative disorders, including 

Hodgkin lymphoma-type proliferations, 

may occur in patients with CLL following 

immunosuppressive therapy {16,3993}, 

Monoclonal B-cell 
lymphocytosis 

Definition 
Monoclonal B-cell lymphocytosis (MBL) 

is defined by a monoclonal B-cell count 

<5x10®/L in the peripheral blood in 

subjects who have no associated lym- 

phadenopathy, organomegaly, other ex¬ 

tramedullary involvement, or any other 

feature of a B-cell lymphoproliferative 

disorder {2516). MBL is classified into 

three categories on the basis of pheno¬ 

type: (1) chronic lymphocytic leukaemia 

(CLL)-type, (2) atypical CLL-type, and (3) 

non-CLL-type. Caution is advised, be¬ 

cause many small B-cell lymphomas/leu¬ 

kaemias have low-level peripheral blood 

involvement. 

MBL with a CLL-type phenotype is the 

most common, accounting for as many 

as 75% of ail cases. It is characterized by 

coexpression of CD19, CD5, CD23, and 

CD20 (dim). The B cells show light chain 

class restriction or >25% lack surface 
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Fig. 13.09 Low-count and high-count chronic lymphocytic leukaemia (CLL)-type monoclonal B-cell lymphocytosis 

(MBL). The cumulative percentage of cases according to the absolute number of clonal B cells in studies of individuals 

from the general population with a normal blood count (dotted line) and in series of individuals referred for clinical 

haematology investigations, usually with current or prior lymphocytosis (solid line). There is a marked difference 

in the clonal B-cell count in CLL-type MBL in cases from population studies versus clinical haematology series. In 

population studies, the median clonal B-cell count is 1/pL, with 95% of cases having <56/pL (white background). In 

clinical haematology series, the median is 2939/pL, with 95% of cases having >447/pL (dark-grey background). Very 

few cases from either series have a clonal B-cell count within the same range as polyclonal B-cell levels in individuals 

with no detectable abnormal B cells (light-grey background). From Rawstron AC et al. {3321}. 

immunoglobulin. More than one clone 

may coexist. The reported frequency of 

CLL-type MBL in the general population 

depends on the sensitivity of the method 

used for detection, ranging from 3.5% 

to 12% among healthy individuals (1167, 

2876,3320). The frequency increases 

with age; it is negligible among individu¬ 

als aged <40 years and 50-75% among 

90-year-old individuals {1353,2876, 

3320). It has been reported that virtually 

all CLLs are preceded by MBL, although 

not all MBL progresses to CLL (1167). 

Some patients have counts that oscillate 

between MBL and CLL for some time. 

CLL-type MBL must be further classified 

on the basis of the size of the monoclonal 

population, as low-count (<0.5x10®/L) 

or high-count (>0.5x10®/L) MBL. Low- 

count MBL has some biological dif¬ 

ferences from high-count MBL and 

CLL, and does not seem to progress, 

whereas high-count MBL has biological 

features identical to those of low-stage 

(Rai stage 0) CLL, and progresses to 

frank leukaemia requiring therapy at an 

annual rate of 1-2% {1167,3319,3666). 

The higher the MBL count, the more 

likely there will be progression. The ad¬ 

verse prognostic indicators identified in 

patients with CLL are also associated 

with progression from MBL to CLL and 

shorter time to treatment {1949,1992). 

MBL cases usually have mutated IGHV 

genes (present in 75-90% of cases) 

and may carry the same chromosomal 

abnormalities and somatic mutations as 

CLL, including NOTCH1, SF3B1, ATM, 
and TP53 aberrations, although at lower 

frequencies {1992,3244}. Nodal infiltra¬ 

tion by CLL-type cells without apparent 

proliferation centres in individuals without 

lymphadenopathy >1.5 cm on CT who 

otherwise have MBL may constitute a 

nodal equivalent of MBL rather than small 

lymphocytic lymphoma {1369). 

MBL with an atypical CLL phenotype ex¬ 

presses CD19, CD5, CD20 (bright), and 

moderate to bright surface immunoglob¬ 

ulin. CD23 may be negative. It Is critical 

to exclude the possibility of mantle cell 

lymphoma or other B-cell lymphoma in 

these cases. 

MBL with a non-CLL phenotype is char¬ 

acterized by CD5- (or CDS (dim) in 20% 

of cases), CD19-r, CD20-I- B cells with 

moderate to bright surface immunoglob¬ 

ulin expression {1353,3631). Some of 

these clonal expansions may be transient 

and self-limited. Additional phenotypic 

and cytogenetic studies are mandatory 

to rule out a specific lymphoid neoplasm 

{1949}. Some cases have aberrant karyo¬ 

types involving chromosome 7q, and as 

many as 17% may eventually develop 

splenomegaly, suggesting a relation¬ 

ship to splenic marginal zone lymphoma 

{4390). Some very similar cases with a 

low rate of progression may have a mono- 

typic B-cell count >5x10®/L, therefore 

not fulfilling the criteria for MBL {4390). 

Some cases of diffuse large B-cell lym¬ 

phoma with simultaneous MBL with a 

CLL or non-CLL phenotype are cionaily 

related {2468). 

ICD-0 codes 
MBL, CLL-type 9823/1 

MBL, non-CLL-type 9591/1 
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B-cell prolymphocytic leukaemia 

Definition 
B-cell prolymphocytic leukaemia (B-PLL) 

is a neoplasm of B-cell prolymphocytes 

affecting the peripheral blood, bone mar¬ 

row, and spleen. Prolymphocytes must 

constitute >55% of lymphoid cells in 

peripheral blood. Cases of chronic lym¬ 

phocytic leukaemia (CLL) with increased 

prolymphocytes and lymphoid prolifera¬ 

tions with relatively similar morphology 
butwith at(11;14)(q13;q32) (IGH/CCA/D7) 

translocation or SOX11 expression 

are excluded; they instead constitute 

mantle cell lymphoma with leukaemic 

expression. 

ICD-0 code 9833/3 

Synonym 
Prolymphocytic leukaemia, B-cell type 

Epidemiology 
B-PLL is an extremely rare disease, ac¬ 

counting for approximately 1% of lym¬ 

phocytic leukaemias. Most patients are 

aged >60 years, with a median age of 

65-69 years. The frequencies in males 

and females are similar (2621). 

Localization 
The leukaemic cells are found in the pe¬ 

ripheral blood, bone marrow, and spleen. 

Clinical features 
Most patients present with B symptoms, 

massive splenomegaly with absent or 

minimal peripheral lymphadenopathy, 

and a rapidly increasing lymphocyte 

count, usually >100x10®/L. Anaemia 

and thrombocytopenia are seen in 50% 

of cases {2117). 

Microscopy 
Peripheral blood and bone marrow 
The majority (>55% and usually >90%) 

of the circulating cells are prolympho¬ 

cytes. These are medium-sized lymphoid 

cells (twice the size of a normal lympho¬ 

cyte) with a round nucleus, moderately 

condensed nuclear chromatin, a promi¬ 

nent central nucleolus, and a relatively 

small amount of faintly basophilic cyto¬ 

plasm {1284,2621}, Although the nucleus 

is typically round, in some cases it can 

be indented. The bone marrow shows an 

interstitial or nodular intertrabecular infil¬ 

tration of lymphoid cells similar to those 

found in blood. 

Other tissues 
The morphology of B-PLL in tissues is 

not well characterized, because initial de¬ 

scriptions of the disease included cases 

with the t(11;14)(q13;q32) (IGH/CCA/D/) 

translocation characteristic of mantle 

cell lymphoma {3449,3563). The spleen 

shows expanded white pulp nodules 

and red pulp infiltration by intermediate 

to large cells with abundant cytoplasm 

and irregular or round nuclei with a cen¬ 

tral eosinophilic nucleolus {3449}, Lymph 

nodes display diffuse or vaguely nodular 

infiltration by similar-looking cells. Prolif¬ 

eration centres (pseudofollicles) are not 

seen. 
Distinguishing B-PLL from pleomorphic 

mantle cell lymphoma, splenic marginal 

zone lymphoma, and CLL with an in¬ 

creased number of prolymphocytes can 

be difficult on morphological grounds. 

The diagnosis of B-PLL cannot be made 

without excluding other conditions, be¬ 

cause there are no specific markers 

for B-PLL. The diagnosis of mantle cell 

lymphoma, for example, is based on im- 

munophenotyping and genetic studies 

to detect cyclic D1 overexpression and 

t(11;14)(q13iq32). Evaluation of SOX11 

expression may be useful to exclude 

leukaemic cyclic Di-negative mantle 

cell lymphoma {3492}. In pure leukae¬ 

mic cases, the evaluation of SOX11 and 

cyclic D1 expression may require mRNA 

analysis by quantitative PGR {3439}. 

Immunophenotype 
B-PLL cells strongly express surface 

IgM/lgD, as well as B-cell antigens 

(CD19, CD20, CD22, CD79a, CD79b, 

and FMC7). CD5 and CD23 are only pos¬ 

itive in 20-30% and 10-20% of cases, 

respectively, and CD200 is weakly posi¬ 

tive or negative {927,2117,3449}. ZAP70 

and CD38 are expressed in approxi- 

Campo E. Harris N.L. 

Matutes E, Stein H. 
Montserrat E. Muller-Hermelink 

H.K. 

Fig. 13.10 B-cell prolymphocytic leukaemia. 

Peripherai blood smear. The cells are medium-sized, 

with moderately condensed chromatin and prominent 

vesicular nucleoli. The nuclear outline is regular and the 

cytoplasm faintly basophilic. 

Fig. 13.11 B-cell prolymphocytic leukaemia. 

Spleen, showing an infiltrate of prolymphocytes. 

mately 50% of cases, ZAP70 expression 

does not correlate with IGHV mutation 

status {927}, 

Postulated normal counterpart 
A mature B cell of unknown type 

Genetic profile 
Antigen receptor genes 
IG genes are clonally rearranged, with 

an unmutated IGH gene in about half of 

the cases. B-PLL has been reported to 

use members of the IGHV3 and IGHV4 

gene families in 68% and 32% of cases, 

respectively {927}. 
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Cytogenetic abnormalities and 
oncogenes 
Initial studies demonstrated t(11;14) 
(q13;q32) (IGH/CCA/Dt) in as many as 
20% of B-PLLs (459). However, these 
cases are now considered to be leukae- 
mic variants of mantle cell lymphoma 
(3449,3563,4358). Complex karyotypes 
are common (3563). Deletion in 17p13 
is detected in 50% of the cases (927) 
and is associated with TP53 mutations 
(2270). This probably underlies the pro¬ 
gressive course and relative treatment 
resistance of B-PLL. FISH analysis de¬ 
tects deletions at 13q14 in 27% of the 
cases (927). Trisomy 12 is uncommon 

(927). Aberrations of MYC, including 
gains, amplifications, and translocations 
with the IGH, IGK, or IGL loci, have been 
reported (1224). This is consistent with 
the documented increased expression 
of MYC mRNA and protein (929,1224). 
B-PLL has a transcriptional profile dif¬ 
ferent from those of CLL and CLL with 
increased prolymphocytes, but has fea¬ 
tures that overlap those of some other 
lymphomas, such as mantle cell lym¬ 
phoma (929,4127). However, the number 
of investigated cases is limited, and the 
relationship of B-PLL without CCND1 re¬ 
arrangement to mantle cell lymphoma is 
still uncertain (4127). 

Prognosis and predictive factors 
B-PLL responds poorly to therapies for 
CLL, with a median survival of 30-50 
months (927,3449). There is no correla¬ 
tion between survival and ZAP70 expres¬ 
sion, CD38 positivity, deletion in 17p, or 
IGHV mutation status (927). Splenec¬ 
tomy may improve symptoms. Respons¬ 
es have been recorded with the CHOP 
chemotherapy regimen, fludarabine, and 
cladribine. A combination of chemother¬ 
apy and rituximab may be a reasonable 
treatment approach (2117). In selected 
cases, allogeneic bone marrow trans¬ 
plantation should be considered. 

Splenic marginal zone lymphoma Piris M.A. 
Isaacson P.G. 
Swerdlow S.H. 
Thieblemont C. 

Pittaluga S. 
Rossi D, 
Harris N.L. 

Definition 
Splenic marginal zone lymphoma (SMZL) 
is a B-cell neoplasm composed of small 
lymphocytes that surround and replace 
the splenic white pulp germinal centres, 
efface the follicle mantle, and merge with 
a peripheral (marginal) zone of larger 
cells, including scattered transformed 
blasts; both small and larger cells infiltrate 
the red pulp. Splenic hilar lymph nodes 
and bone marrow are often involved; lym¬ 
phoma cells are frequently found in the 
peripheral blood as villous lymphocytes. 

ICD-0 code 9689/3 

Synonyms 
Splenic B-cell marginal zone lymphoma; 
splenic lymphoma with villous lympho¬ 
cytes; splenic lymphoma with circulating 
villous lymphocytes (no longer used) 

Epidemiology 
SMZL is a rare disorder, accounting for 
<2% of lymphoid neoplasms (148), but it 
may account for most cases of otherwise 
unclassifiable chronic lymphocytic leu¬ 
kaemias that are CD5-negative, Most pa¬ 
tients are aged >50 years, with a median 
age of 67-68 years. The incidence rates 
among males and females are equal (347, 
1999,4388). 

Localization 
The tumour involves the spleen and 
splenic hilar lymph nodes, the bone mar¬ 
row, and often the peripheral blood. The 
liver may also be involved. Peripheral 
lymph nodes are not typically involved 
(347,2691). 

Clinical features 
Patients present with splenomegaly, 
sometimes accompanied by autoim¬ 
mune thrombocytopenia or anaemia and 
a variable presence of peripheral blood 
villous lymphocytes. The bone mar¬ 
row is regularly involved, but peripheral 
lymphadenopathy and extranodal infil¬ 
tration are extremely uncommon. About 
one third of patients have a small para- 

Fig. 13.12 Splenic marginal zone lymphoma. 

Gross photograph of spleen showing marked expansion 

of the white pulp and infiltration of the red pulp. 
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Fig. 13.13 Splenic marginal zone lymphoma. 

Peripheral blood containing tumour cells with polar villi 

(villous lymphocytes). 

protein, but marked hyperviscosity and 
hypergammaglobulinaemia are uncom¬ 
mon (347,2691). An association with 
hepatitis C virus has been described in 
southern Europe (135,1620). 

Macroscopy 
Gross examination of the spleen reveals 
marked expansion of the white pulp and 
infiltration of the red pulp. 

Microscopy 
In the splenic white pulp, a central zone 
of small round lymphocytes surrounds or, 
more commonly, replaces reactive ger¬ 
minal centres, with effacement of the nor¬ 
mal follicle mantle (1783,2691). This zone 
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Fig. 13.14 Splenic marginal zone lymphoma, spleen. A Infiltration of white and red pulp. The white pulp nodules show a central dark zone of small lymphocytes (sometimes 

surrounding a residual germinal centre) giving way to a paler marginal zone. B High-magnification view of white pulp nodule showing the small lymphocytes merging with a 

marginal zone consisting of larger cells with pale cytoplasm and occasional transformed blasts. 
I 

merges with a peripheral zone of small to 

medium-sized cells with more dispersed 

chromatin and abundant pale oytoplasm, 

which resemble marginal zone cells, and 

interspersed transformed blasts. The 

red pulp is always infiltrated, with small 

nodules of the larger cells and sheets of 

the small lymphocytes, which often in¬ 

vade sinuses. Epithelioid histiocytes may 

be present in the lymphoid aggregates. 

Some cases have a markedly predomi¬ 

nant population of the larger marginal 

zone-like cells (1532,1793). Plasmacytic 

differentiation may occur, and in rare cas¬ 

es, clusters of plasma cells are present 

in the centres of the white pulp nodules. 

In splenic hilar lymph nodes, the sinuses 

are dilated and lymphoma surrounds and 

replaces germinal centres, but the two 

cell types, small lymphocytes and mar¬ 

ginal zone cells, are often more intimately 

admixed, without the formation of a dis¬ 

tinct so-called marginal zone. In the bone 

marrow, there is a nodular interstitial in¬ 

filtrate cytologically similar to that in the 

lymph nodes. Occasionally, neoplastic 

cells surround reactive follicles. Intrasinu- 

soidal lymphoma cells, which are more 

apparent after CD20 immunostaining. 

are a helpful feature, although they are 

sometimes observed in other lymphomas 

{1242}, When lymphoma cells are present 

in the peripheral blood, they are usually 

characterized by short polar villi. Some 

may appear plasmacytoid (2622). 

Differential diagnosis 
The differential diagnosis includes other 

small B-cell lymphomas/leukaemias, in¬ 

cluding chronic lymphocytic leukaemia 

(CLL), hairy cell leukaemia (HCL), mantle 

cell lymphoma, follicular lymphoma, and 

lymphoplasmacytic lymphoma. It is also 

Important to recognize that many small B- 

cell lymphomas (other than HCL, which 

diffusely involves the red pulp) can have 

slightly larger cells with pale cytoplasm 

when they involve the splenic marginal 

zone, mimicking SMZL (3197). The nodu¬ 

lar pattern on bone marrow biopsy ex¬ 

cludes HCL, but the morphological fea¬ 

tures on bone marrow examination may 

not be sufficient to distinguish between 

the other small B-cell neoplasms. Immu- 

nophenotypic and molecular/cytogenetic 

findings may also be very helpful, but the 

diagnosis can be rendered most con¬ 

fidently from a splenectomy specimen; 

however, such a specimen is often not ' 

available, 

Immunophenotype i 
Tumour cells express surface IgM and i 

usually IgD. They are positive for CD20 i 

and CD79a and negative for CDS, CD10, 

CD23, CD43, and annexin A1 (1783, 

2579). CD103 is usually negative, and 

oyolin D1 is absent (3540), Ki-67 staining 

shows a distinctive targetoid pattern due 

to an increased growth fraction in both i 

the germinal centre, If present, and the 

marginal zone. The absence of oyolin D1 

and LEF1 is useful in excluding mantle 

cell lymphoma and CLL, respectively. 

The absence of annexin A1 excludes i 
HCL, and lack of CD10 and BCL6 helps ' 

to exclude follicular lymphoma (3540), A 

group of CD5-I- SMZL cases has been ' 

described, distinguished by a higher 

lymphocytosis and diffuse bone marrow 

infiltration (285). ■ 

Postulated normal counterpart 
A marginal-zone B cell that may or may ; 

not demonstrate evidence of antigen 

exposure 

Genetic profile 
Antigen receptor genes 
IG heavy and light chain genes have 

clonal rearrangements, and approxi¬ 

mately half of the cases have somatic hy¬ 

permutation, Bias in IGHV1-2*04 usage 

has been found in 30% of SMZL cases, 

suggesting that this tumour derives from 

a highly selected B-cell population (62, 

378). Stereotyped HCDR3 sequences, 

specific for SMZL, support a potential 

role of antigen selection in the pathogen¬ 

esis of these lymphomas (4493). 
Fig. 13.15 Splenic marginal zone lymphoma, spleen. A Small lymphocytes invading splenic red pulp, with a poorly 

defined nodule of larger cells. B Small lymphocytes invading red pulp sinuses. 
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Fig. 13.16 Splenic marginal zone lymphoma, splenic hilar lymph node. A There is a nodular proliferation with preservation of the sinuses. B This nodule has a central small 
residual germinal centre. C High magnification shows a mixture of small lymphocytes and larger cells. 

Fig. 13.17 Splenic marginal zone lymphoma, bone marrow involvement. A A large lymphoid aggregate is present in the intertrabecular region. B The lymphoid aggregate is 

CD20-positive, and CD20+ B cells infiltrate the sinusoids of the marrow. C Lymphoid aggregate with a small residual germinal centre. 

Cytogenetic abnormalities and 
oncogenes 
SMZL lacks recurrent chromosomal 

translocations, including transloca¬ 

tions that are typical of other lymphoma 

types, such as the t(14;18)(q32;q21) 

translocation affecting BCL2 in follicular 

lymphoma; the t(11;14)(q13;q32) trans¬ 

location affecting CCND1 in mantle cell 

lymphoma; and the t(11;18)(q21;q21), 

t(14;18)(q32;q21), and t(1;14)(p22;q32) 

translocations resulting in BIRC3IMALT1, 
\G\-]/MALT1, and \G\-\/BCL10 juxtaposi¬ 

tion, respectively, in extranodal marginal 

zone lymphoma of mucosa-associated 

lymphoid tissue (MALT lymphoma). The 

absence of these abnormalities helps 

distinguish SMZL from some of the lym¬ 

phomas that can mimic it. A small num¬ 

ber of SMZLs carry a recurrent t(2;7) 

(p12;q21) translocation, which activates 

the CDK6 gene through juxtaposition 

with the IGK locus (810). Approximately 

30% of SMZLs show a heterozygous 

deletion in 7q, which is rarely found in 

other lymphoma subtypes {3362,3497}. 

The gene(s) targeted by the 7q deletion 

remain unknown, despite the combined 

investigation of genomic and transcrip- 

tomic profiles and mutation analysis of a 

number of candidate genes {1254,3376, 

4268), Gain of 3q is present in a consid¬ 

erable subset of cases. 

NOTCH2 is one of the most frequently 

mutated genes in SMZL, mutated in ap¬ 

proximately 10-25% of cases {771,2006, 

2532,3070,3203,3419). Although dia¬ 

gnostically useful, N0TCH2 mutations 

are also seen in infrequent other small 

B-cell lymphomas {305,1945,2006, 

3419). KLF2 is somatically mutated in 

approximately 10-40% of SMZLs {771, 

3070,3203), but these mutations are 

also found in some other small B-cell 

neoplasms {3203}. Mutations in both of 

these genes have been associated with 

SMZLs that have deletion in 7q, MYD88 
mutations are rare in SMZL, and may 

therefore be a useful biomarker for the 

differentiation of SMZL from lymphop- 

lasmacytic lymphoma in pathologically 

challenging cases with evidence of plas- 

macytic differentiation {2534,3070), The 

fact that the most frequently mutated 

genes in SMZL (i.e. NOTCH2 and KLF2) 
are physiologically involved in prolifera¬ 

tion and commitment of mature B cells 

to the marginal zone, points to homing 

to the spleen compartment and marginal 

zone differentiation as the major pro¬ 

grammes deregulated in this lymphoma, 

Congruently, SMZL has an expression 

signature characterized by the upregula- 

tion of genes belonging to the marginal 

zone differentiation programme {3455, 

4064). 

Prognosis and predictive factors 
The clinical course is indolent, with a 10 

year survival probability from 67% to 95% 

{135,347,2266,2781,3956,3957,3768A}, 

Response to chemotherapy of the type 

that is typically effective in other small B- 

cell neoplasms is often poor, but patients 

generally have haematological responses 

to splenectomy and/or rituximab, with 

long-term survival {2266,3139A,3768A). 

Transformation to large B-cell lymphoma 

occurs in 10-15% of cases {4388}, and 

is usually associated with a shorter time 

to progression {2266,2781). Hepatitis C 

virus-positive cases have been reported 

to respond to antiviral treatment using in¬ 

terferon gamma, with or without ribavirin 

{1620,3955). Adverse clinical prognostic 

factors include a large tumour mass and 

poor general health status {627). A clinical 

scoring system has been proposed that 

incorporates haemoglobin concentration, 

platelet count, lactate dehydrogenase 

level, and presence of extrahilar lym- 

phadenopathy {2696). Although data are 

limited, N0TCH2, KLF2, and in particular 

TP53 mutations have been reported to be 

adverse prognostic indicators {3070}. 
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Hairy cell leukaemia Foucar K. 

Falini B. 

Stein FI. 

Table 13.02 Pathogenesis of hairy cell leukaemia (HCL) {287,586,3160,3994,3998} 

Property Proposed pathogenetic mechanism(s) 

Clonal B cell Derived from a 6R4F V600E-mutant mature memory B cell 

8R4F V600E mutation in virtually all cases 

Hairy cell morphology Shaped by 6R4FV600E mutation and influenced by overexpression 

and constitutive activation of members of the RHO family of small 

GTPases and upregulation of the growth arrest-specific molecule GAS7 

Reticulin fibrosis HCL ceils synthesize and bind to fibronectin in bone marrow 

microenvironment 

Production rate of fibronectin is under control of autocrine bFGF 

secreted by hairy cells 

TGF-beta 1 also plays a role in reticulin fibrosis 

Homing to bone marrow, 

splenic red pulp, 

and hepatic sinusoids 

Hairy ceils home to blood-related compartments via constitutively 

activated integrin receptors and overexpression of 

matrix metalloproteinase inhibitors 

Downregulation of chemokine receptors such as CCR7 and CXCR5 

explains absence of lymph node involvement 

Phagocytosis Overexpression of annexin A1 and actin possible mediators 

Pseudosinus formation in spleen Interaction of hairy cells with endothelial cells resulting in 

replacement of endothelial cells by HCL cells 

CD25 and tartrate-resistant 

acid phosphatase expression 

Induced by 8RAFV600E 

Prolonged cell survival Mediated by BRAF V600E; also influenced by constitutive production of 

tumour necrosis factor and IL6, and overexpression of the 

apoptosis inhibitor BCL2 

Inhibition of normal 

haematopoiesis (hypocellular HCL) 

Constitutive production of TGF-beta by hairy cells 

Definition 
Flairy cell leukaemia (FICL) is a cytologi- 

cally and immunophenotypically distinct, 

indolent neoplasm of small mature lym¬ 

phoid cells with oval nuclei and abundant 

cytoplasm with so-called hairy projec¬ 

tions involving peripheral blood and dif¬ 

fusely infiltrating the bone marrow and 

splenic red pulp. 

iCD-O code 9940/3 

Synonym 
Leukaemic reticuloendotheliosis 

(obsolete) 

Epidemiology 
FICL is a rare disease, accounting for 

2% of lymphoid leukaemias. The annual 

incidence rate in the USA is 0.32 cases 

per 100 000 population (1025). Patients 

are predominantly middle-aged to elder¬ 

ly adults, with a median age of 58 years; 

FICL has been diagnosed rarely in pa¬ 

tients in their 20s, but it is exception¬ 

ally uncommon in children. The male-to- 

female ratio is 4:1, and the incidence is 

substantially higher in White versus Black 

populations {1025}. 

Etiology 
The presence of the S/TAF V600E muta¬ 

tion in virtually 100% of cases of FICL is 

strong evidence of a disease-defining 

genetic event {3998}. This leads to con¬ 

stitutive activation of MARK {3997}. 

Localization 
Tumour cells are found predominantly in 

the bone marrow and spleen. Typically, 

a small number of circulating cells are 

noted. Tumour infiltrates may occur in the 

liver and lymph nodes, and occasionally 

also in the skin. Rare patients demon¬ 

strate prominent abdominal lymphad- 

enopathy {3638}. 

Clinical features 
The most common presenting symptoms 

include weakness and fatigue, left upper 

quadrant pain, fever, and bleeding. Most 

patients present with splenomegaly and 

pancytopenia, with few circulating neo¬ 

plastic cells. Monocytopenia is charac¬ 

teristic, Other common distinctive mani¬ 

festations include hepatomegaly and 

recurrent opportunistic infections; less 

Fig. 13.18 Hairy cell leukaemia (HCL). The spleen is 

markedly enlarged, with diffuse expansion of the red 

pulp. White pulp is not discernible. Numerous blood 

lakes of varying size are visible. 

common unique findings include vascu¬ 

litis, bleeding disorders, neurological dis¬ 

orders, skeletal involvement, and other 

immune dysfunction {364}. 

Macroscopy 
Diffuse expansion of the red pulp with 

variably sized blood lakes in markedly 

enlarged spleen 

Microscopy 
Peripheral blood and bone marrow 
Flairy cells are small to medium-sized 

lymphoid cells with an oval or indented 

(kidney-shaped) nucleus with homogene¬ 

ous, spongy, ground-glass chromatin that 

is slightly less clumped than that of a nor¬ 

mal lymphocyte. Nucleoli are typically ab¬ 

sent or inconspicuous. The cytoplasm is 

abundant and pale blue, with circumferen- 
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Fig. 13.19 Hairy cell leukaemia. A,B Note the typical morphological features of circulating hairy cells highlighting the range in nuclear morphology between these two peripheral 

blood smear photomicrographs. C There is strong tartrate-resistant acid phosphatase positivity, characteristic of hairy cell leukaemia. 

tial so-called hairy projections on smears 

{364,3638). Occasionally, the cytoplasm 

contains discrete vacuoles or rod-shaped 

inclusions that represent the ribosome 

lamellar complexes that have been identi¬ 

fied by electron microscopy (3638). 

The diagnosis is best made on bone mar¬ 

row biopsy. The extent of bone marrow 

effacement in HCL varies. The primary 

pattern is interstitial or patchy with some 

preservation of fat and haematopoietic el¬ 

ements. The infiltrate is characterized by 

widely spaced lymphoid cells with oval or 

indented nuclei, in contrast to the closely 

packed nuclei of most other indolent lym¬ 

phoid neoplasms involving the bone mar¬ 

row. The abundant cytoplasm and promi¬ 

nent cell borders may produce a so-called 

fried-egg appearance. Mitotic figures are 

virtually absent. When infiltration is mini¬ 

mal, the subtle clusters of hairy cells can 

be overlooked. In patients with advanced 

disease, a diffuse solid infiltrate may be 

evident. The obvious discrete aggregates 

that typify bone marrow infiltrates of many 

other chronic lymphoproliferative neo¬ 

plasms are not a feature of HCL. An in¬ 

crease in reticulin fibres is associated with 

all hairy cell infiltrates in bone marrow and 

other sites, and often results in a so-called 

dry tap (i.e. failure to obtain aspirate on at¬ 

tempted bone marrow aspiration). In some 

cases, the bone marrow is hypocellular, 

with a loss of haematopoietic elements, 

in particular of the granulocytic lineage, 

which can lead to an incorrect diagnosis 

of aplastic anaemia. In such cases, im- 

munostaining for a B-cell antigen such as 

CD20 is essential for the identification of 

an abnormal B-cell infiltrate, prompting 

the use of immunohistochemical stains 

more specific for HCL. In some cases, the 

morphological appearance of HCL over¬ 

laps with that of splenic marginal zone 

lymphoma or splenic B-cell lymphoma/ 

leukaemia, unclassifiable, requiring corre¬ 

lation with the immunophenotypic studies. 

Spleen and other tissues 
In the spleen, HCL infiltrates are found in 

the red pulp. The white pulp is typically 

atrophic. The cells characteristically fill 

the red pulp cords. Red blood cell lakes, 

collections of pooled erythrocytes sur¬ 

rounded by elongated hairy cells, are the 

presumed consequence of disruption of 

normal blood flow in the red pulp (364, 

3638), The liver may show infiltrates of 

hairy cells, predominantly in the sinu¬ 

soids. Lymph node infiltration may occur, 

especially with advanced disease, and is 

variably interfollicular/paracortical, with 

sparing of follicles and intact sinuses. 

Cytochemistry 
The only cytochemical stain used in the 

diagnosis is tartrate-resistant acid phos¬ 

phatase, but the use of this technically 

challenging stain has been largely sup¬ 

planted by immunophenotypic/immuno- 

histochemical techniques. When appro¬ 

priate air-dried unfixed slide preparations 

are available, virtually all cases of HCL 

are found to contain at least some cells 

with strong, granular cytoplasmic tartrate- 

resistant acid phosphatase positivity; 

weak staining is of no diagnostic utility. 

Immunophenotype 
The classic immunophenotypic profile of 

HCL consists of bright monotypic surface 

immunoglobulin; bright coexpression of 

CD20, CD22, and CDIIc; and expres¬ 

sion of CD103, CD25, CD123, TBX21 

(also called TBET), annexin A1, FMC7, 

CD200, and cyclic D1 {1153,1302,1896, 

3643). Most cases of HCL lack both 

CD5 and CD10, but CD10 expression is 

reported in about 10-20% of cases and 

CD5 expression in about 0-2% {685, 

Fig. 13.20 Hairy cell leukaemia (HCL). bone marrow biopsy. A Low-magnification view showing a subtle diffuse 

interstitial infiltrate of hairy cells. B Extensive diffuse interstitial infiltration by hairy cell leukaemia. Note the widely 

spaced oval nuclei and paucity of mitotic activity. C The so-called fried-egg appearance of hairy cells is evident on 

high magnification. 0 Note the diffuse increase in reticulin fibres. 

Hairy cell leukaemia 227 



I 

'**' •* *V*' 

Fig. 13.21 Hairy cell leukaemia (HCL). A Hypocellular HCL with interstitial infiltrates In bone marrow biopsy. B CD20 
Immunohlstochemical staining highlights the subtle leukaemlc infiltrate in this case. C Spleen shows red pulp infiltra¬ 

tion with numerous red blood cell lakes. D There is both portal and sinusoidal infiltration in the liver. 

Fig. 13.22 Hairy cell leukaemia (HCL), immunohistochemical features (A, B, C bone marrow biopsy, D liver). 

A DBA.44 positivity of hairy cells, accentuating hairy projections, B CD123 positivity of hairy cells. C The hairy cells 

express annexin A1, whereas erythroid precursors are negative. D There is sinusoidal infiltration by annexin A1-posi¬ 

tive leukaemlc hairy cells in this liver. 

1024,1844,3632). Other immunopheno- 

typic variants are also recognized {685}. 

Annexin A1 is the most specific marker; it 

is not expressed in any B-cell lymphoma 

other than HCL {1153}. Expression of an¬ 

nexin A1 can be used to distinguish HCL 

from splenic marginal zone lymphoma 

and HCL variant, which are both annex¬ 

in Al-negative. Immunostaining for an¬ 

nexin A1 must always be compared with 

staining for a B-cell antigen (e.g, CD20), 

because annexin A1 is also expressed by 

myeloid cells and a proportion of T cells. 

For this reason, annexin A1 is not a suit¬ 

able marker for monitoring minimal resid¬ 

ual disease. A more suitable approach 

for assessment for residual disease af¬ 

ter therapy is multicolour flow cytometry 

targeting the distinctive HCL profile or 

immunostaining for TBX21 (1896,2730, 

3185,3643). Immunohistochemical stain¬ 

ing for V600E-mutant BRAE protein can 

also be helpful and may be useful for rec¬ 

ognizing residual disease (4076). 

Postulated normal counterpart 
Although the 6RAF V600E mutation has 

been detected in the haematopoietic 

stem cell compartment of patients with 

HCL, the postulated normal counterpart 

is a late, activated memory B cell, as 

suggested by gene expression profiling 

studies {287,755). 

Genetic profile 
Antigen receptor genes 
Although exceptions have been report¬ 

ed, the majority (>85%) of cases of HCL 

demonstrate IGHV genes with somatic 

hypermutation indicative of a post-ger¬ 

minal centre stage of maturation {152, 

586,3994). A unique feature of HCL is the 

common coexpression of multiple clon- 

ally related immunoglobulin isotypes, 

suggesting arrest at some point during 

isotype switching (3994). 

Cytogenetic abnormalities and 
oncogenes 
No cytogenetic abnormality is specific 

for HCL; numerical abnormalities of chro¬ 

mosomes 5 and 7 have been rarely de¬ 

scribed, but translocations are distinctly 

uncommon (586). The high frequency 

of 6HAF V600E mutation, oonfirmed by 

multiple investigators, suggests a key 

role in the pathogenesis of HCL (3160), 

Sensitive methods for the detection of 

this HCL-defining mutation have been 

published (138,3997,3998). It remains to 

be established whether cases that lack 

BRAF V600E mutation, use the IGHV4- 

34 family, and have MAP2K1 mutations 

are more closely related to classic HCL 

or HCL variant {4267,4382}, 

Prognosis and predictive factors 
HCL is uniquely sensitive to either inter¬ 

feron alfa or nucleosides (purine ana¬ 

logues) such as pentostatin and cladrib- 

ine. Patients receiving purine analogues 

often achieve complete and durable 

remission (1458). However, as many as 

507o of patients with HCL relapse. In re¬ 

fractory or relapsed cases, salvage ther¬ 

apeutic options include chemotherapy 

combined with rituximab, anti-CD22 im- 

munotoxin therapy, and, more recently, 

BRAF inhibitors (3160,3995), 
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Splenic B-cell lymphoma/leukaemia, 
unclassifiable 

Piris M.A. 

Foucar K. 

Mollejo M. 

Matutes E. 

Campo E. 

Falini B. 

Swerdlow S.H. 

Definition 
There are a number of variably well-de¬ 

fined entities that constitute small B-cell 

clonal lymphoproliferations involving the 

spleen but that do not fit into any of the 

other categories of B-cell lymphoid neo¬ 

plasms in the WHO classification. The 

best-defined of these relatively rare pro¬ 

visional entities are splenic diffuse red 

pulp small B-cell lymphoma and hairy 

cell leukaemia variant. 

The relationship of splenic diffuse red 

pulp small B-cell lymphoma to hairy 

cell leukaemia variant and other primary 

splenic B-cell lymphomas remains un¬ 

certain; the precise diagnostic criteria 

and most-appropriate terminology for 

these provisional entities have not yet 

been fully established. 

Other splenic small B-cell lymphomas 

that do not fulfil the criteria for either of 

these provisional entities should be di¬ 

agnosed as splenic B-cell lymphoma/ 

leukaemia, unclassifiable, until more is 

known {3848). 

ICD-0 code 9591/3 

Synonyms 
Splenic marginal zone lymphoma, 

diffuse variant; splenic red pulp lympho¬ 

ma with numerous basophilic villous lym¬ 

phocytes; splenic lymphoma with villous 

lymphocytes; prolymphocytic variant of 

hairy cell leukaemia 

Splenic diffuse red pulp small 
B-cell lymphoma 

Definition 
Splenic diffuse red pulp small B-cell lym¬ 

phoma (SDRPL) is an uncommon lympho¬ 

ma with a diffuse pattern of involvement 

of the splenic red pulp by small mono¬ 

morphous B lymphocytes. The neoplasm 

also Involves bone marrow sinusoids and 

peripheral blood, commonly with a vil¬ 

lous cytology {1921,4043,4044). This is a 

provisional entity that requires additional 

molecular studies for defining its main 

features and diagnostic markers. This 

diagnosis should be restricted to charac¬ 

teristic cases fulfilling the major features 

described here, and should not be ap¬ 

plied to any lymphoma growing diffusely 

in the spleen. Chronic lymphocytic leu¬ 

kaemia, hairy cell leukaemia, lymphop- 

lasmacytic lymphoma, and B-cell prolym¬ 

phocytic leukaemia should be excluded 

through appropriate studies. A diagnosis 

of SDRPL may be suggested for cases 

showing purely intrasinusoidal bone mar¬ 

row involvement and villous lymphocytes 

in the peripheral blood, but the differen¬ 

tial with splenic marginal zone lymphoma 

(SMZL) may require examination of the 

spleen {3216}. In case of doubt, the use 

of the term splenic B-cell lymphoma/leu¬ 

kaemia, unclassifiable, is warranted. 

There is some degree of overlap with 

cases that fulfil the criteria for hairy ceil 

leukaemia variant; however, additional 

studies are required to further evaluate 

the extent of overlap between these enti¬ 

ties, particularly given that not all studies 

report the same phenotypic, cytogenetic, 

or molecular findings {2584,3481). Al¬ 

though the rare large B-cell lymphomas 

that involve the splenic and bone marrow 

sinusoids may be related to SDRPL, they 

should not be included in this category, 

which is restricted to indolent lymphomas 

composed of small lymphocytes {2688, 

2743). 

ICD-0 code 9591/3 

Epidemiology 
SDRPL is a rare disorder, account¬ 

ing for <1% of non-Hodgkin lympho¬ 

mas. It accounts for about 10% of the 

B-cell lymphomas diagnosed in sple¬ 

nectomy specimens. Most patients are 

aged >40 years, and there is no sex 

predilection. 

Localization 
All cases are diagnosed at clinical 

stage IV, with spleen, bone marrow, and 

peripheral blood involvement. Peripheral 

lymph node involvement is only rarely 

reported. 

Clinical features 
SDRPL is a leukaemic neoplasm, usually 

with a relatively low lymphocytosis. Al¬ 

most all patients have splenomegaly (fre¬ 

quently massive). Although not consist¬ 

ent among all studies, thrombocytopenia 

and leukopenia are frequently present, 

whereas anaemia has been reported 

more rarely. B symptoms are infrequent. 

The presence of a paraprotein has not 

been reported. 

Microscopy 
Peripheral blood 
Villous lymphocytes similar to those 

D 

Fig. 13.23 Splenic diffuse red pulp small B-cell lympho¬ 

ma. A Peripheral blood cytology with villous cell. BRe- 

ticulln staining in spleen outlines the infiltration of red 

pulp cords and sinusoids. C Bone marrow intrasinusoi¬ 

dal infiltration highlighted by CD20 staining. 
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Fig. 13.24 Splenic diffuse red pulp small B-cell lymphoma, spleen. A Diffuse infiltration of the red pulp. B High- 

magnification view showing the infiltration of both red pulp cord and sinusoids. C DBA.44 staining of the tumoural 

cells. D IgD staining is usually negative, outlining residual lgD+ mantle zone cells. 

reported in SMZL are present. Clonal B- 

cell expansions with an immunophenotype 

consistent with marginal zone lymphoma 

presenting with isolated lymphocytosis 

may constitute an early stage of splenic 

B-cell lymphoma/leukaemia, unclassifi- 

able, or of SMZL, although most of these 

cases remain stable over time {4390}. 

Some of these cases fulfil the criteria for 

non-chronic lymphocytic leukaemia-type 

monoclonal B-cell lymphocytosis. 

Bone marrow 
Intrasinusoidal infiltration is the rule, oc¬ 

casionally as a sole finding, This can be 

accompanied by interstitial and nodular 

infiltration. Lymphoid follicles, as seen in 

SMZL, have not been reported. 

Spleen 
There is a diffuse pattern of involvement 

of the red pulp, with both cord and sinu¬ 

soid infiltration. Characteristic blood lakes 

lined by tumoural cells may be seen. Un¬ 

like in SMZL, white pulp involvement is 

absent, although there may be residual 

lymphoid nodules composed of T cells 

or, much less often, residual white pulp 

nodules (2530), The neoplastic infiltrate is 

composed of a monomorphic population 

of small to medium-sized lymphocytes, 

with round and regular nuclei, compact 

chromatin, and occasional distinct small 

nucleoli, with scattered nucleolated blast 

cells. The tumoural cells have pale cy¬ 

toplasm and plasmacytoid features but 

lack phenotypic features of plasmacytic 

differentiation such as cytoplasmic im¬ 

munoglobulin and CD38 expression. 

Some cases show focal plasmacytic dif¬ 

ferentiation. Rare cases have clusters of 

large cells (2530). 

Cytochemistry 
Tartrate-resistant acid phosphatase 

staining is negative. 

Immunophenotype 
SDRPL is characteristically positive for 

CD20, DBA.44 (CD72), and IgG and 

negative for IgD, annexin A1, CD25, CDS, 

CD103, CD123, CD11c, CD10, and CD23 

{2581,2689,3499}, IgD-i- cases can be 

seen with similar features. There have 

also been reports of cases that are posi¬ 

tive for IgM (with or without IgG), CD103, 

and GDI 1c, with infrequent CDS and 

CD123 expression {4043}. 

Postulated normal counterpart 
A mature B cell of unknown type 

Genetic profile 
Somatic hypermutation in IGHV genes is 

present in most cases, but about 20-30% 

of cases are unmutated {2530,4043}. Over¬ 

representation of IGHV3-23 and IGHV4-34, 

as is seen in hairy cell leukaemia, has been 

reported {4043}. The reported proportion 

of cases that use the IGHV1-2 gene, which 

is overrepresented in SMZL, has varied; 

in one series, its use was reported in 3 of 

13 cases; the same number of cases used 

IGHV4-34 {2530,4043), 

Complex cytogenetic alterations, includ¬ 

ing t(9;14)(p13;q32) involving PAX5 and 

IGH genes, have been found in some 

cases, but the neoplasms lack CCND1 
rearrangements, and usually do not dem¬ 

onstrate deletions in 7q or trisomies of 

chromosomes 3 or 18 {262,2530,4043}. 

Copy-number arrays have identified 

abnormalities in almost 70% of cases 

{2530}. TP53 mutations have been re¬ 

ported in a small number of cases, and 

some cases show Increased p53 expres¬ 

sion {2530,2689}, Sequencing studies 

have shown that SDRPL has a distinct 

pattern of somatic mutations amongst 

B-cell malignancies {4047A}, with an 

increased expression of cyclin D3 and 

recurrent mutations in the CCND3 PEST 

domain in a high proportion of SDRPL 

cases {848A}. Infrequent mutations in 

NOTCH1, MAP2K1, BRAF, and SF3B1 
have also been reported {2530}. 

Prognosis and predictive factors 
This is an indolent but incurable disease, 

with good responses after splenectomy 

in most patients; however, some patients 

do develop progressive disease and 

have an adverse outcome. The small 

number of patients with mutations in 

NOTCFH, MAP2K1, and TP53 have been 

reported to have shorter progression-free 

survival {2530}. 

Hairy cell leukaemia variant 

Definition 
The designation of hairy cell leukaemia 

variant (HCL-v) encompasses cases of B- 

cell chronic lymphoproliferative disorders 

that resemble classic HCL but exhibit 

variant cytological and haematological 

features such as leukocytosis, presence 

of monocytes, cells with prominent nu¬ 

cleoli, cells with blastic or convoluted 

nuclei, and/or absence of circumferen¬ 

tial shaggy contours. They also have a 

variant immunophenotype (including 

absence of CD25, CD123, annexin A1, 

and tartrate-resistant acid phosphatase), 

have wildtype BRAF, and are resistant to 

conventional HCL therapy (i.e, show lack 

of response to cladribine). These cases 

are not considered to be biologically re¬ 

lated to HCL. 
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Fig. 13.25 Hairy cell leukaemia variant. A Blood smear. The cells have abundant, moderately basophilic cytoplasm 

with villous projections, but unlike the cells of typical hairy cell leukaemia, they have visible nucleoli, resembling 

prolymphocytes. B The bone marrow biopsy shows a diffuse, interstitial pattern of infiltration similar to that of typical 
hairy cell leukaemia. 

ICD-0 code 9591/3 

Synonym 
Prolymphocytic variant of hairy cell 

leukaemia 

Epidemiology 
HCL-v is about one tenth as common as 

HCL, with an annual incidence of approx¬ 

imately 0.03 cases per 100 000 popula¬ 

tion (3367). Middle-aged to elderly pa¬ 

tients are affected, and there is a slight 

male predominance {1647,2584). Cases 

of HCL-v have been described in Asian 

populations where HCL-v may be more 

common than HCL (2584). 

Localization 
The spleen, bone marrow, and peripheral 

blood are involved, but lymphadenopa- 

thy is relatively uncommon (2584). He¬ 

patomegaly is seen in less than one third 

of patients, involvement of other solid tis¬ 

sues is rare. 

Clinical features 
Patients with HCL-v typically manifest 

signs and symptoms related to either 

splenomegaly or cytopenias. Leukocyto¬ 

sis is a consistent feature, with an average 

white blood cell count of about 30x 10®/L. 

Thrombocytopenia is present in about half 

of the patients and anaemia in one quar¬ 

ter {1647}. The absolute monocyte count is 

typically within normal range. 

Microscopy 
Circulating HCL-v cells are readily appar¬ 

ent on the peripheral blood smear; the 

cells commonly exhibit hybrid features 

of prolymphocytic leukaemia and clas¬ 

sic HCL, although several other morpho¬ 

logical subtypes (e.g. blastic and convo¬ 

luted) have also been described (3367). 

Nuclear features range from condensed 

chromatin with the prominent central 

nucleoli of a prolymphocytic cell to dis¬ 

persed chromatin with highly irregular 

nuclear contours. Cytoplasmic features 

are similarly variable, although some 

degree of hairy projections is typically 

noted. Transformation to large cells with 

convoluted nuclei has been described, 

and cases of so-called convoluted HCL 

may be explained by this phenomenon 

(2584,4461). Unlike in classic HCL, the 

bone marrow is aspirable, without sig¬ 

nificant reticulin fibrosis (1920). The infil¬ 

trates of HCL-v may be subtle and very 

inconspicuous, often requiring immuno- 

histochemical staining to highlight the 

pattern and extent of infiltration (624). A 

distinct predilection for sinusoidal infiltra¬ 

tion has been described (624). 

Like in HCL and splenic diffuse red pulp 

small B-cell lymphoma, the red pulp of 

the spleen is diffusely involved and ex¬ 

panded in HCL-v, with atretic or absent 

white pulp follicles (1920). The leukaemic 

cells fill dilated sinusoids, and red blood 

cell lakes may be noted (2584). Liver in¬ 

volvement is characterized by both portal 

tract and sinusoidal infiltrates. 

Cytochemistry 
Unlike in classic HCL, cytochemical 

staining for tartrate-resistant acid phos¬ 

phatase is weak to negative in HCL-v 

(1920,2584). 

Immunophenotype 
Cases of HCL-v share many phenotypic 

features with HCL, although HCL-v cells 

characteristically lack several key HCL 

antigens, usually including CD25, an- 

nexin A1, tartrate-resistant acid phos¬ 

phatase, CD200, and CD123 (52,1024, 

1153,3367). Positive markers in HCL-v 

include DBA.44 (CD72), pan-B-cell an¬ 

tigens, CDIIc, bright monotypic surface 

immunoglobulin (most frequently IgG), 

CD103. and FMC7 (2574), 

Postulated normal counterpart 
An activated B cell at a late stage of 

maturation 

Genetic profile 
Studies are limited, but about one third of 

cases of HCL-v demonstrate no somatic 

mutations of IGHV; these unmutated cas¬ 

es have a high frequency of TP53 muta¬ 

tion (1647). There is preferential usage 

of the IGHV4-34 gene family, although 

this is not a feature exclusive to HCL-v 

(1648). High-resolution genomic profiling 

has shown a large number of DNA copy- 

number alterations, the most frequent be¬ 

ing gains on chromosome 5 and losses 

on 7q and 17p (1649). BRAF V600E 

mutations have not been documented 

in HCL-v (3278,3997,3998,4382). Recur¬ 

rent MAP2K1 mutations have been found 

in HCL-v and in cases described as clas¬ 

sic HCL with IGHV4-34 gene family us¬ 

age (4267). 

Prognosis and predictive factors 
The 5-year survival rate is reported to 

be 57% (1647). Most patients with HCL- 

V require therapy, which can range from 

splenectomy to combination chemother¬ 

apy with rituximab (1647). Agents that are 

effective in classic HCL (i.e. cladribine 

and pentostatin) are not effective in HCL- 

V (1024,3367). However, patients seem 

to achieve a long-lasting response to the 

combination of cladribine and rituximab 

(2106). Significant adverse prognostic 

factors include older patient age, greater 

severity of anaemia, and TP53 mutations 

(1647). 
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Lymphoplasmacytic lymphoma Swerdlow S.H, Harris N.L. 

CookJ.R. Jaffa E.S. 

SohaniA.R. Stein H. 

Pileri S.A. 

Definition 
Lymphoplasmacytic lymphoma (LPL) is a 

neoplasm of small B lymphocytes, plas- 

macytoid lymphocytes, and plasma cells, 

usually involving bone marrow and some¬ 

times lymph nodes and spleen, which 

does not fulfil the criteria for any of the 

other small B-cell lymphoid neoplasms 

that can also have plasmacytic differen¬ 

tiation. Because the distinction between 

LPL and some of the other small B-cell 

lymphoid neoplasms, especially some 

marginal zone lymphomas (MZLs), is not 

always clear-cut, some cases may need 

to be diagnosed as a small B-cell lym¬ 

phoid neoplasm with plasmacytic differ¬ 

entiation and a differential diagnosis pro¬ 

vided. The great majority (>90%) of LPLs 

have MYD88 L265P mutation, which can 

make the diagnosis either more or less 

likely; however, this abnormality is nei¬ 

ther specific nor required. Although LPL 

is often associated with a paraprotein, 

usually of IgM type, this is not required for 

the diagnosis. Waldenstrom macroglob- 

ulinaemia (WM) is found in a substantial 

subset of patients with LPL, but is not 

synonymous with it; it is defined as LPL 

with bone marrow involvement and an 

IgM monoclonal gammopathy of any con¬ 

centration {3017}. Cases of gamma heavy 

chain disease are no longer considered a 

variant of LPL {1526). 

ICD-0 codes 
Lymphoplasmacytic lymphoma 9671/3 

Waldenstrom macroglobulinaemia 

9761/3 

Synonym 
Malignant lymphoma, lymphoplasmacytoid 

Epidemiology 
LPL occurs in adults, with a median age 

in the seventh decade of life, and shows 

a slight male predominance {991,4195}. 

Etiology 
Hepatitis C virus is associated with type 11 

cryoglobulinaemia and with LPL in some 

series, perhaps related to geographical 

differences {908,2263,2616,2875,3037, 

3263,3514,3913}. Some of the hepatitis C 

virus-associated lymphoplasmacytic pro¬ 

liferations, even if monotypic, are non-pro¬ 

gressive and may be similar to monoclonal 

B-cell lymphocytosis {2690,2717}. Treat¬ 

ment of these patients with antiviral agents 

may lead to regression of the lympho¬ 

plasmacytic proliferations {2589,3913}. 

So-called immune-stimulating conditions, 

such as autoimmune disorders, are asso¬ 

ciated with an increased risk {2483}. 

Localization 
Most cases involve the bone marrow, and 

some cases involve the lymph nodes and 

other extranodal sites. About 15-30% of 

patients with WM also have splenomeg¬ 

aly, hepatomegaly, and/or adenopathy, 

with a higher proportion with disease 

progression {991,4051). The peripheral 

blood may also be involved. Rare involve¬ 

ment of the CNS, associated with WM, is 

known as Bing-Neel syndrome {3225). 

LPL can occur at sites typically involved 

by extranodal MZL of mucosa-associat¬ 

ed lymphoid tissue (MALT lymphoma), 

such as the ocular adnexa {2347,3851). 

Clinical features I 
Most patients present with weakness and I 

fatigue, usually related to anaemia. Most 

patients have an IgM serum paraprotein, 

and would therefore also fulfil the criteria j 

for WM. Some, however, have a different i 

paraprotein or no paraprotein at all. A ; 

minority have both IgM and IgG or other | 

paraproteins. Hyperviscosity occurs in i 

as many as 30% of cases. The parapro- ; 

tein may also have autoantibody or cryo- ; 

globulin activity, resulting in autoimmune ^ 

phenomena or cryoglobulinaemia (seen ; 

in as many as -20% of patients with WM). j 

Cold agglutinins may also be present; ! 

however, primary cold agglutinin disease } 

may be distinct from LPL {3301}. Neu- } 

ropathies occur in a minority of patients i 

and may result from reactivity of the IgM [ 

paraprotein with myelin sheath antigens, 

! 

* A * 

Vo ; • 

««•* 

Fig. 13.26 Lymphoplasmacytic lymphoma. A Bone marrow biopsy shows a lymphoplasmacytic infiltrate with a Dutcher body (arrow), which gives a positive periodic acid-Schiff 
(PAS) reaction. B The lymphoplasmacytic infiltrate is also seen in the aspirate smear. C Giemsa staining highlights the characteristic increased mast cells and haemosiderin 
(arrow). 
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Fig. 13.27 Lymphoplasmacytic lymphoma (LPL). Lymph node. A Classic LPL in a patient with Waldenstrom macroglobulinaemia. Note the widely patent sinuses and relatively 

monotonous lymphoplasmacytic infiltrate in the intersinus regions. B Typical relatively monotonous appearance of lymphocytes, plasmacytoid lymphocytes, and plasma cells 
adjacent to an open sinus. C A Dutcher body (arrow) is seen with H&E staining in this relatively plasma cell-rich case. 

cryoglobulinaemia, or paraprotein depo¬ 

sition. Deposits of IgM may occur in the 

skin or the gastrointestinal tract, where 

they may cause diarrhoea. Coaguiopa- 

thies may be caused by IgM binding to 

clotting factors, platelets, and fibrin. IgM 

paraproteins are not diagnostic of either 

LPL or WM, because they can also oc¬ 

cur in patients with other lymphoid neo¬ 

plasms or without an overt neoplasm. A 

minority of patients initially present with 

an IgM-related disorder such as cryoglo¬ 

bulinaemia or IgM monoclonal gammop- 

athy of undetermined significance (see 

below) and only later develop an overt 

LPL {621,2173,2752}. 

Microscopy 
Bone marrow and peripheral blood 
Bone marrow involvement is character¬ 

ized by a nodular, diffuse, and/or in¬ 

terstitial infiltrate, sometimes even with 

paratrabecular aggregates. The infiltrate 

is usually composed predominantly of 

small lymphocytes admixed with variable 

numbers of plasma cells, plasmacytoid 

lymphocytes, and often increased mast 

cells {2347,3016,3017}. The plasma cells 

may also form distinct clusters separate 

from the lymphoid component {2347, 

2736}. Residual disease after treatment 

may demonstrate virtually all plasma 

cells {2347,4157}. A similar spectrum of 

cells as are present in the bone marrow 

may be present in the peripheral blood, 

but the white blood cell count is typi¬ 

cally lower than in chronic lymphocytic 

leukaemia. 

Lymph nodes and other tissues 
In the most classic cases, which are 

usually associated with WM, the lymph 

nodes show retention of normal archi¬ 

tectural features with dilated sinuses with 

periodic acid-Schiff (PAS) positive mate¬ 

rial and sometimes small portions of re¬ 

sidual germinal centres. There is a rela¬ 

tively monotonous proliferation of small 

lymphocytes, plasma cells, and plasma¬ 

cytoid lymphocytes, with relatively few 

transformed cells. Dutcher bodies (PAS- 

positive intranuolear pseudoinclusions), 

increased mast cells, and haemosiderin 

are also typical features. Other cases 

show greater architectural destruction 

and may have a vaguely follicular growth 

pattern, more prominent residual ger¬ 

minal centres (even with follicular colo¬ 

nization), epithelioid histiocyte clusters, 

sometimes a much greater proportion of 

plasma cells, and sometimes a paucity 

of frank plasma cells {3521,3851}, The 

presence of prominent large transformed 

cells should raise the possibility of either 

disease progression or a diagnosis other 

than LPL. Proliferation centres like those 

seen in chronic lymphocytic leukae¬ 

mia / small lymphocytic lymphoma must 

be absent, and the presence of paler 

Fig. 13.28 Lymphoplasmacytic lymphoma with IWYD88L265P mutation and prominent follicular colonization, lymph node. A The lymph node has intact sinuses and a 

monotonous lymphoplasmacytic proliferation with a somewhat follicular growth pattern. B CD21 immunohistochemical staining highlights the prominent infiltration of distorted 

follicular structures by the lymphoma. 
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appearing marginal zone-type differen¬ 

tiation should suggest a diagnosis of one 

of the MZLs. There may be associated 

amyloid, other immunoglobulin deposi¬ 

tion, or crystal-storing histiocytes. The 

growth pattern in spleen is not well estab¬ 

lished, but there should be a lymphoplas- 

macytic infiltrate with diffuse and/or nod¬ 

ular red pulp involvement and sometimes 

white pulp nodules {1527,2343), 

Immunophenotype 
Most cells express surface immunoglob¬ 

ulin, and the light chain-restricted plas- 

macytic cells express cytoplasmic immu¬ 

noglobulin (usually IgM, sometimes IgG, 

and rarely IgA). LPLs are typically IgD- 

negatlve; express B-cell-associated an¬ 

tigens (CD19, CD20, CD22, and CD79a); 

and are most typically negative for CDS, 

CD10, CD103, and CD23, with frequent 

CD25 and CD38 expression. However, 

a minority of cases are positive for CDS 

or CD10 (but BCL6-negative), and CD23 

expression is not at all uncommon in 

some studies (2347,2736,3851). The pre¬ 

cise phenotype may also change over 

time (2347). The plasma cells are CD138- 

positive; unlike in plasma cell myeloma, 

they are usually also positive for CD19 

and often for CD45 {2736,3401). The 

CD138-I- plasma cells in LPL, although 

usually positive for IRF4/MUM1, are more 

likely to be IRF4/MUM1-negative and 

PAXS-positive compared with normal 

plasma cells or those in MZL (1502,2736, 

3372), These differences are not easily 

assessed in daily practice. In addition 

to the neoplastic plasma cells, polytypic 

plasma cells may also be present. 

Postulated normal counterpart 
A post-follicular B cell that differentiates 

into plasma cells 

Genetic profile 
Antigen receptor genes 
IG genes are rearranged, usually with 

variable regions that show somatio 

hypermutation but lack ongoing muta¬ 

tions (4226). There may be biased IGHV 

gene usage {1801,2114). Clonal cytotoxic 

T-cell populations may be present, at 

least in the peripheral blood (2299). 

Cytogenetic abnormaiities and 
oncogenes 
No specific chromosomal abnormalities 

are recognized in LPL; however, >90% 

of cases have MYD88 L265P mutation. 

Fig. 13.29 Lymphoplasmacytic lymphoma with 
MYD88 L265P mutation involving cerebrospinal fluid 

(Bing-Neel syndrome). Cytology preparation of the 

cerebrospinal fluid shows a population of small lympho¬ 

cytes, as well as small and larger plasmacytoid forms 
(Diff-Quik stain). The patient had an IgM monoclonal 

gammopathy with bone marrow involvement (Walden¬ 

strom macroglobulinaemia). 

and approximately 30% have truncat¬ 

ing CXCR4 mutations (most frequently 

CXCR4 S338X or frameshift mutations) 

similar to those seen in the syndrome of 

warts, hypogammaglobulinaemia, immu¬ 

nodeficiency, and myelokathexis (WHIM 

syndrome) (1527,1735,3379,3567,3851, 

4052,4057). ARID1A mutations have 

been identified in 17% of patients, and 

less commonly, other somatic mutations, 

such as mutations of TP53, CD79B, 
KMT2D (previously designated MLL2), 
and MYBBP1A {^735]. 
Documenting MYD88 L265P mutation 

may be helpful in cases in which LPL is 

in the differential diagnosis but there is 

some diagnostic uncertainty; however, 

some cases lack at least a demonstrable 

mutation, and there is a small proportion 

of other small B-cell lymphomas in which 

it is present (3851). MYD88 L265P muta¬ 

tion is also seen in some non-germinal 

centre subtype DLBCL, NOS, primary 

cutaneous DLBCL, leg type, and primary 

CNS and testicular DLBCL cases. Simi¬ 

larly, CXCR4 mutations are also present 

in a very small proportion of other small 

B-cell lymphomas. These mutations are 

important in the pathogenesis of LPL, at 

least In part by leading to NF-kappaB 

signalling, and for developing improved 

therapeutic strategies (548,549,3379). 

The previously reported t(9;14)(p13;q32) 

translocation leading to \G\-\/PAX5 jux¬ 

taposition is rarely. If ever, found in LPL 

(792,1328,2489). Deletion in 6q is report¬ 

ed in somewhat more than half of bone 

marrow-based cases, but It is not a spe¬ 

cific finding and may be less frequent in 

tissue-based LPL (793,2489,2925,3582). 

Small copy-number abnormalities lead¬ 

ing to varied B-cell regulatory gene loss¬ 

es are also commonly found (1735). Triso- 

mies 3 and 18 are infrequent. Trisomy 4, 

present in about 20% of WM, is another 

finding that can be used to support the 

diagnosis (444,3941). LPLs do not dem¬ 

onstrate the translocations associated 

with other B-cell lymphomas (e.g. those 

involving CCND1, MALT1, or BCL10), with 

the possible rare exception of 6CL2 gene 

rearrangements. Cne study found that 

WM had a homogeneous gene expres¬ 

sion profile, independent of 6q deletion, 

which is more similar to chronic lympho¬ 

cytic leukaemia and normal B cells than to 

myeloma (727). The study also suggested 

the importance of upregulated IL6 and its 

downstream MAPK signalling pathway. 

Csrvtt 

Fig. 13.30 Lymphoplasmacytic lymphoma (LPL). Real-time PCR with MyD88 L265P-specific primers shows posi¬ 

tive amplification in a case of LPL (blue) and no amplification in a negative control cell line (red). 
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Genetic susceptibility 
A familial predisposition may exist in as 

many as 20% of patients with WM {80, 

4053,4054). These patients are diag¬ 

nosed at a younger age and with greater 

bone marrow involvement. There may 

also be prognostic and therapeutic impli¬ 

cations {4054}. 

Prognosis and predictive factors 
The clinical course is typically indolent, 

with median survival times of 5-10 years, 

and with improved survival in more re¬ 

cent years {579,991,4195}. Advanced 

patient age, peripheral blood cytopenlas 

(especially anaemia), poor performance 

status, and high beta-2 microglobulin 

levels have been reported to be associ¬ 

ated with a worse prognosis {991,4195}. 

An international prognostic scoring sys¬ 

tem for WM has been proposed that also 

includes a high (>7.0 g/dL) serum para¬ 

protein level but not performance status 

{2726}. Cases with increased numbers 

of transformed cells/immunoblasts may 

also be associated with an adverse prog¬ 

nosis; however, a validated grading sys¬ 

tem does not exist {103,346}. Cases with 

del(6q) have been associated with ad¬ 

verse prognostic features {2925}. Cases 

lacking MYD88 L265P mutation are re¬ 

ported to have an adverse prognosis and 

a lower response to ibrutinib; however, 

the diagnosis in these cases may be less 

certain, and data are limited {4052,4055}. 

Although there are no documented sur¬ 

vival differences, CXCR4-mutated LPL 

(in particular cases with nonsense muta¬ 

tions), has been associated with more- 

symptomatic/active disease, other clini¬ 

cal and laboratory findings, and greater 

resistance to ibrutinib and possibly other 

therapeutic agents {4051,4052,4055, 

4056}. Transformation to diffuse large B- 

cell lymphoma occurs in a small propor¬ 

tion of cases and is associated with poor 

survival {2346). 
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IgM monoclonal gammopathy of 
undetermined significance 

I 

CookJ.R. Harris N.L. 

Swerdlow S.H. Jaffa E.S. 

SohaniA.R. Stein H. 

Piieri S.A. 

Definition 
IgM monoclonal gammopathy of unde¬ 

termined significance (MGUS) is defined 

by a serum IgM paraprotein concen¬ 

tration <30g/L; bone marrow lympho- 

piasmacytic infiltration of <10%; and 

no evidence of anaemia, constitutional 

symptoms, hyperviscosity, lymphadeno- 

pathy, hepatosplenomegaly, or other 

end-organ damage that can be attribut¬ 

ed to the underlying lymphoproliferative 

disorder {3290}. IgM MGUS is a precur¬ 

sor condition that may progress to overt 

lymphoma or primary amyloidosis, 

ICD-0 code 9761/1 

Epidemiology 
MGUS of any isotype is reported in ap¬ 

proximately 3% of individuals aged 

>50 years; of these cases, approximately 

15% are of IgM type, yielding a preva¬ 

lence of approximately 0.5% (1004,1085, 

2175), The proportion of MGUS due to 

IgM is higher among White populations 

than among Black or Asian populations 

{2215}. The median patient age at dia¬ 

gnosis is 74 years, and there is a male 

predominance, with a male-to-female ra¬ 

tio of 1.4:1 {2177}. 

Localization 
There may be as much as 10% bone 

marrow infiltration by an IgM-i- clonal lym- 

phoplasmacytic population. Cases with 

any degree of bone marrow infiltration 

are considered by some pathologists to 

constitute asymptomatic Waldenstrom 

macroglobulinaemia (WM), lymphoplas- 

macytic lymphoma (LPL). 

Clinical features 
Patients with IgM MGUS lack the signs 

and symptoms of an overt lymphopro¬ 

liferative disorder or plasma cell neo¬ 

plasm, and the paraprotein is typically 

discovered incidentally on serum protein 

electrophoresis. Reduced polyclonal 

Table 13.03 Diagnostic criteria for IgM monoclonal 
gammopathy of undetermined significance; adapted 

from the International Myeloma Working Group (IMWG) 

updated criteria for the diagnosis of multiple myeloma 

From: Rajkumar SV, et at {3290}. 

• Serum IgM monoclonal protein 

concentration <30 g/L 

• Bone marrow lymphoplasmacytic infiltration 

of <10% 

• No evidence of anaemia, 

constitutional symptoms, hyperviscosity, 
lymphadenopathy, hepatosplenomegaly, 

or other end-organ damage that 

can be attributed to the underlying 

lymphoproliferative disorder 

immunoglobulins are reported in 35% 

of cases, and Bence Jones proteinuria 

has been reported in approximately 20% 

{2162,2751}. The term IgM-related disor¬ 

der has been proposed for cases in pa¬ 

tients who have no evidence of an overt 

lymphoma or plasma cell neoplasm but 

have symptoms related to the IgM para¬ 

protein, such as anti-myelin-associated 

glycoprotein-mediated peripheral neu¬ 

ropathy, cold agglutinin disease, or cryo- 

globulinaemia {3017}. 

Microscopy 
By definition, IgM MGUS lacks findings 

diagnostic of LPL, another lymphoprolif¬ 

erative disorder, or plasma oell neoplasm. 

Distinguishing IgM MGUS from LPL and 

other lymphomas requires examination of 

a bone marrow biopsy {3017). The mar¬ 

row contains clonal lymphoplasmacytic 

cells; however, they must not represent 

an infiltrate of >10%. In addition, some¬ 

times the clonal cells are not easily iden¬ 

tified in the background of normal poly¬ 

typic plasma cells. 

Immunophenotype 
On sensitive multiparameter flow cytom¬ 

etry, clonal B cells are reported in as 

many as 75% of IgM MGUS bone mar¬ 

rows, although complex gating strategies 

may be required to identify the clonal } 

population within the background of be- ! 

nign polytypic B cells {2924,3032,3034}. | 

When present, the clonal B-celi popula- j 

tion shows a non-specific phenotype j 

similar to that of LPL (CD19-f, CD204-, : 

CD5-, CD10-, and CD103-). The plas- j 

ma cells in IgM MGUS lack expression of j 

CD56 {3034}. 

Postulated normal counterpart j 
B cells with somatic hypermutation of the ! 

IGHV genes but without class switching 

{2177} 

Genetic profile j 
The gene expression profile of IgM .j 

MGUS is similar to that of LPL {3032}. Ap- j 

proximately half of IgM MGUS cases are j 

positive for the MYD88 L265P mutation 

{1861,2214,4155,4393}, and 20% have ' 

been reported to have CXCR4 S338X ^ 

mutations {3379}, but further genetic data ■ 
are limited. Deletions of chromosome 6q 

have been reported, but are non-specific 

and appear to be less frequent than in 

LPL and WM {3032,3582}. 

J 

Prognosis and predictive factors j 

IgM MGUS progresses to LPL/WM, other j 

B-cell neoplasms, or primary amyloido- j!' 

sis at a rate of 1.5% per year. Progres¬ 

sion to plasma cell myeloma occurs 

rarely, if at all. The rate of progression in 

patients with symptomatic IgM-related 

disorders appears similar to that in pa¬ 

tients without monoclonal protein-related 

symptoms {2751}. Patients remain at risk 

for progression even after having stable 

disease for 20 years {2177}. A detect¬ 

able MYD88 L265P mutation and higher 

levels of serum monoclonal protein are 

independent risk factors for progression I 

{239,4116,4155,4156}. In one study, the 

risk of progression doubled for every 

increase of 7 g/L in serum monoclonal 
protein {239}. 
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Heavy chain diseases Cook J.R. 

Harris N.L, 

Isaaoson RG. 

Jaffe E.S. 

Definition 
The heavy chain diseases (HCDs) are 

three rare B-cell neoplasms character¬ 

ized by the production of monoclonal 

immunoglobulin heavy chains (IgG in 

gamma HCD, IgA in alpha HCD, and IgM 

in mu HCD) and typically no light chains 

{370,4230}. The heavy chain is usually 

truncated, preventing normal assembly 

with light chains. Variably sized proteins 

are produced, which may not yield a 

characteristic monoclonal peak by rou¬ 

tine serum protein electrophoresis, and 

require immunoelectrophoresis or immu- 

nofixation to detect. 

In some cases, HCD can show morpho¬ 

logical features consistent with another 

well-defined histological entity. Some 

cases of gamma HCD resemble typical 

examples of splenic marginal zone lym¬ 

phoma or extranodal marginal zone lym¬ 

phoma of mucosa-associated lymphoid 

tissue (MALT lymphoma) (371), whereas 

mu HCD typically resembles chronic 

lymphocytic leukaemia, and alpha HCD 

is considered a variant of MALT lympho¬ 

ma {370,4230}. However, each of these 

HCDs is sufficiently distinct to be consid¬ 

ered a separate entity. Establishing the 

diagnosis of an HCD requires demon¬ 

stration of free heavy chains by protein 

electrophoresis/immunofixation. 

Mu heavy chain disease 

Definition 
Mu heavy chain disease (HCD) is a B- 

cell neoplasm resembling chronic lym¬ 

phocytic leukaemia (CLL), in which a 

defective mu heavy chain lacking a vari¬ 

able region is produoed. The bone mar¬ 

row contains an infiltrate of characteristic 

vacuolated plasma sells, admixed with 

small, round lymphooytes. 

ICD-0 code 9762/3 

Epidemiology 
This is an extremely rare disease of 

adults, with only 30-40 cases reported, 

a median patient age of 60 years, and an 

approximately equal frequency in males 

and females {370,4230}. 

Localization 
The spleen, liver, bone marrow, and pe¬ 

ripheral blood may be involved; periph¬ 

eral lymphadenopathy is usually absent. 

Clinical features 
Most patients present with a slowly pro¬ 

gressive disease resembling CLL. Mu 

HCD differs from most cases of CLL in 

the high frequency of hepatospleno- 

megaly and the absence of peripheral 

lymphadenopathy. Routine serum protein 

electrophoresis is frequently normal. Im¬ 

munoelectrophoresis reveals reactivity 

to anti-mu in polymers of diverse sizes. 

Although mu chain is not found in the 

urine, Benoe Jones light chains (particu¬ 

larly kappa chains) are common (found in 

the urine in 50% of cases). Light chains, 

although still produced in mu HCD, are 

not assembled into a complete immuno¬ 

globulin protein, due to IGH gene aber- 

rancies leading to truncated forms (242, 

4229,4230}. 

Microscopy 
The bone marrow contains vacuolated 

plasma cells, which are typically admixed 

with small, round lymphooytes similar to 

CLL cells. 

CDRi-3, complementarity-determining regions 1-3; Cl, light chain constant region; COOH, C-terminus; 

Jl, light chain joining region; NH2, N-terminus; Vl, light chain variable region. 

Fig. 13.31 Structure of the immunoglobulin molecule in heavy chain disease. An immunoglobulin molecule is com¬ 

posed of two heavy chains (H) and two light chains (L), which are joined by disulfide bonds (S-S). The normal heavy 

chain constant region has three constant domains: CHI is responsible for binding to the light chain, CH2 for binding to 

complement, and CHS for binding to Fc receptors. In the absence of an associated light chain, the CHI domain binds 

to HSP78 and undergoes proteasomal degradation; thus, normal free heavy chains are not secreted. In heavy chain 

diseases, non-contiguous deletions in the CHI domain prevent both binding of the heavy chain to the light chain and 

degradation in the proteasome, and free heavy chains are secreted. Variably sized deletions also occur in the heavy 

chain diversity region (Dh), the heavy chain joining region (jp, and the heavy chain variable region (Vh). Reprinted 

with permission from Munshi NC et al. (2785). 

Heavy chain diseases 237 



Fig. 13.32 Mu heavy chain disease. Bone marrow 

aspirate shows predominantiy plasma ceiis with 
prominent cytoplasmic vacuolation. 

Immunophenotype 
The cells contain monoclonal cytoplas¬ 

mic mu heavy chain (with or without 

monotypic light chain), express B-cell an¬ 

tigens, and are usually negative for CDS 

and CD10. 

Postulated normal counterpart 
A post-germinal centre B cell that can 

differentiate into a plasma cell, with an 

abnormal IGHM gene 

Genetic profile 
Immunoglobulin genes are clonally re¬ 

arranged and contain high levels of so¬ 

matic hypermutation (370,4230). Dele¬ 

tions in the IGHM gene are present that 

result in expression of a defective heavy 

chain protein that cannot bind light chain 

to form a complete immunoglobulin mol¬ 

ecule, These deletions involve IGHV and 

variable proportions of the CHI domain, 

and there may be insertions of large 

amounts of DMA of unknown origin (1244, 

4230), 

Prognosis and predictive factors 
The clinical course is slowly progressive 

in most cases (242,1244,4229,4230). 

Gamma heavy chain disease 

Definition 
Gamma heavy chain disease (HCD) is a 

small B-cell neoplasm with plasmacytic 

differentiation that produces a truncated 

immunoglobulin gamma heavy chain 

that lacks light chain-binding sites and 

therefore cannot form a complete immu¬ 

noglobulin molecule. 

iCD-0 code 9762/3 

Synonym 
Franklin disease 

Epidemioiogy 
This is a rare disease of adults, with a 

median patient age of 60 years; approxi¬ 

mately 150 cases have been described. 

There is no particular geographical distri¬ 

bution, and recent series report a female 

predominance (371,4231), 

Localization 
The tumour may involve the lymph nodes, 

Waldeyer ring, gastrointestinal tract and 

other extranodal sites, bone marrow, 

liver, spleen, and peripheral blood. 

Clinical features 
Most patients have systemic symptoms 

such as anorexia, weakness, fever, weight 

loss, and recurrent bacterial infections. 

Autoimmune manifestations are report¬ 

ed in 25-70% of cases, most frequently 

rheumatoid arthritis and systemic lupus 

erythematosus, but also autoimmune 

haemolytic anaemia, thrombocytopenia, 

or both; vasculitis; Sjogren syndrome; 

myasthenia gravis; and thyroiditis (371, 

1739,4231). Autoimmune disease may 

precede the diagnosis of lymphoma by 

several years. Most patients have gener¬ 

alized disease, including lymphadenopa- 

thy, splenomegaly, and hepatomegaly. 

Involvement of the Waldeyer ring, skin 

and subcutaneous tissues, thyroid, sali¬ 

vary glands, or gastrointestinal tract may 

occur. Circulating plasma cells or lym¬ 

phocytes may occasionally be present. 

Patients generally do not have lytic bone 

lesions or amyloid deposition. The bone 

marrow is involved In 30-60% of cases 

(371,1739,4231). Clinical and laboratory 

distinction from an infection or Inflamma¬ 

tory process may be difficult given the 

constellation of symptoms and the some¬ 

times broad band or near-normal serum 

protein electrophoresis results. Approxi¬ 

mately 10-20% of patients have no overt 

Fig. 13.34 Gamma heavy chain disease. This case , 

displays a diffuse proliferation of small lymphocytes, I 

plasmacytoid cells, plasma cells, and scattered large , 

transformed cells. 

lymphadenopathy or other mass lesions; . 

most of these patients have autoimmune | 

disorders. ) 

The diagnosis is made by demonstration ! 

of IgG without light chains by immuno- I 
fixation in the peripheral blood, the urine, j 

or both. I 
I 

Microscopy ! 
The morphological findings in gamma 

HCD are heterogeneous (371,2785,4231), j 

Some cases resemble typical examples ! 

of splenic marginal zone lymphoma or | 

MALT lymphoma, Most frequently, lymph i 

nodes show a polymorphous proliferation i 

of admixed lymphocytes, plasmacytoid j 

lymphocytes, plasma cells, immunob- 

lasts, histiocytes, and eosinophils. The I 

presence of eosinophils, histiocytes, and ■ 
immunoblasts may cause a resemblance i 

to angioimmunoblastic T-cell lymphoma ; 

or classic Hodgkin lymphoma. In some ( 

cases, plasma cells predominate; these ; 

cases may resemble plasmacytoma. The ; 

peripheral blood may show lymphocyte- ? 

sis with or without plasmacytoid lympho- ( 

cytes, resembling chronic lymphocytic I 

leukaemia or lymphoplasmacytic lym- ; 

phoma. Transformation to diffuse large i 

B-cell lymphoma is rare (370,4230). The 

Fig. 13.33 Gamma heavy chain disease. This case presented with splenomegaly. The white pulp contains a nodular 

proliferation (A) of small lymphocytes with abundant pale cytoplasm (B), morphologically suggestive of a splenic 

marginal zone lymphoma. The diagnosis of gamma heavy chain disease was established by serum immunofixation 

studies and the finding of gamma heavy chain-expressing plasma cells that lacked kappa and lambda staining. 
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Fig. 13.35 Gamma heavy chain disease. Bone marrow biopsy. A Small aggregates composed of plasma cells and 

lymphoid cells are present, constituting approximately 5% of the overall marrow cellularity. B Some plasma cells 

appear mature; others are atypical, with open chromatin. C Immunohistochemical staining shows cIgG. Images from 

MunshiNCetal.{2785}. 

bone marrow may show lymphoplasma- 

cytic aggregates or only a subtle increase 

in plasma cells with monotypic gamma 

heavy chains without light chains. 

Immunophenotype 
The cells express CD79a and cytoplasmic 

gamma chain and are negative for CDS 

and CD10. CD20 is found on the lympho¬ 

cytic component and CD138 on the plas¬ 

ma cell component. Kappa and lambda 

light chains are typically not expressed, 

but a minority of cases show staining for 

monotypic light chains by immunohisto- 

chemistry or in situ hybridization, despite 

the absence of light chains on immuno- 

fixation studies (370,371,4230). 

Postulated normal counterpart 
A post-germinal centre B cell that can 

differentiate into a plasma cell, with a 

defective IGHG gene 

Genetic profile 
IG genes are clonally rearranged and 

contain high levels of somatic hypermu¬ 

tation. Deletions in the IGHG gene are 

present that result in expression of an 

abnormally truncated heavy chain pro¬ 

tein that cannot bind light chain to form 

a complete immunoglobulin molecule. 

These deletions involve IGHV and vari¬ 

able proportions of the CHI domain, and 

there may be insertions of large amounts 

of DMA of unknown origin (57,370,1132, 

1243,1249,4230). 

Abnormal karyotypes have been found 

in about half of the reported cases, but 

no specific or recurrent genetic abnor¬ 

mality has been reported (371,4231). The 

MYD88 L265P mutation that is character¬ 

istic of lymphoplasmacytic lymphoma is 

absent in gamma HCD (1526). 

Prognosis and predictive factors 
The clinical course is highly variable, 

ranging from indolent to rapidly progres¬ 

sive. One study of 23 cases reported a 

median survival time of 7.4 years, with 

more than half of the deaths unrelated to 

the lymphoproliferative disorder (4231). 

There is no standardized therapy. Most 

patients with low-grade-appearing lym¬ 

phoplasmacytic infiltrates appear to re¬ 

spond to non-anthracycline-containing 

chemotherapy, and responses to rituxi- 

mab and other single agents have also 

been reported (370,4230). 

SPE IgG IgA IgM K X UPE IgG IgA IgM K X 
A B 
Fig. 13.36 Gamma heavy chain disease. A A distinct band was identified by serum protein electrophoresis (SPE) in the IG region anodal to the point of origin (arrow). The 

M protein (also called M component) typed as IgG (denoted by the band seen in the IgG lane), but without a corresponding light chain (only faint polyclonal patterns were seen in 

the kappa and lambda lanes). B Urine protein electrophoresis (UPE) revealed similar results, with a broad monoclonal band corresponding to IgG without a corresponding light 

chain. Reprinted from Munshi NC etal. {2785}. 
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Alpha heavy chain disease 

Definition 
Alpha heavy chain disease (HCD), also 

known as immunoproliferative small in¬ 

testinal disease, is a variant of extranodai 

marginal zone lymphoma of mucosa- 

associated lymphoid tissue (MALT lym¬ 

phoma) in which defective immunoglobu¬ 

lin alpha heavy chains are secreted {48, 

4230}. 

ICD-0 code 9762/3 

Synonyms 
Mediterranean lymphoma; immunoprolif¬ 

erative small intestinal disease 

Epidemiology 
Alpha HCD is the most common of the 

HCDs. Unlike the other HCDs, alpha 

HCD involves a young age group, with 

a peak incidence rate in the second and 

third decades; it is rare in young children 

and older adults, and there is an equal in¬ 

cidence in males and females. It is most 

common in areas bordering the Mediter¬ 

ranean Sea, including northern Africa, 

Israel and Saudi Arabia. It is associated 

with factors linked to low socioeconomic 

status, including poor hygiene, malnu¬ 

trition, and frequent intestinal infections 

{48,3298,3617,4230}. 

Etiology 
Chronic intestinal infection, in some cas¬ 

es with Campylobacter jejuni, is believed 

to result in chronic inflammation, a set¬ 

ting in which neoplastic transformation 

of a clone of abnormal B cells develops 

{2248,3072}. 

Localization 
Alpha HCD involves the gastrointestinal 

tract (mainly the small intestine) and mes¬ 

enteric lymph nodes. The gastric and 

colonic mucosa may also be involved. 

The bone marrow and other organs are 

usually not involved, although respiratory 

tract and thyroid involvement has been 

described in rare cases {3617,4040}. 

Clinical features 
Patients typically present with malab¬ 

sorption, diarrhoea, hypocalcaemia, 

abdominal pain, wasting, fever, and 

steatorrhoea. Typically, serum protein 

electrophoresis is normal, and identifica¬ 

tion of the abnormal alpha heavy chain 

requires immunofixation, immunoelectro¬ 

Fig. 13.37 Alpha heavy chain disease (also known as immunoproliferative small intestinal disease). A Partially i 

colonized reactive follicle centre is present just above the muscularis mucosae at the right. Clusters of pale-staining I 

marginal zone cells are present adjacent to the follicle and elsewhere in the biopsy. The lamina propria and small [ 

intestinal villi are expanded by plasma cells. B A lymphoepithelial lesion in a case of alpha heavy chain disease i 

showing destruction of intestinal crypts by marginal zone cells, with surrounding plasma cells. i 

phoresis, or immunoselection techniques 

{370,4230}. 

Microscopy 
The lamina propria of the bowel is heav¬ 

ily infiltrated with plasma cells and ad¬ 

mixed small lymphocytes; marginal zone 

B cells may be present, with formation of 

lymphoepithelial lesions. The lymphop- 

iasmacytic infiltrate separates the crypts, 

and villous atrophy may be present {1781, 

3239,3298}. Sheets of large plasmacyt- 

oid cells and immunoblasts that form sol¬ 

id, destructive aggregates with ulceration 

characterize progression to diffuse large 

B-cell lymphoma {370,4230}. 

Immunophenotype 
The plasma cells and marginal zone cells 

express monoclonal cytoplasmic alpha 

chain without light chains. Marginal zone 

cells express CD20 and are negative for 

CDS and CD10; plasma cells are typi¬ 

cally CD20-negative and CD138-positive 

{1781}. 

Postulated normal counterpart 
A post-germinal centre B cell that can 

differentiate into a plasma cell, with an 

abnormal IGHA gene 

Genetic profile 
Immunoglobulin heavy and light chain 

genes are clonally rearranged {3710}. 

Deletions in the IGHA gene are present 

that result in expression of a defective 

heavy chain protein that cannot bind light 

chain to form a complete immunoglobulin 

molecule. These deletions involve IGHV 

and the CHI domain, and there may be 

insertions of DNA of unknown origin {48, 

4230}. Cytogenetic abnormalities have 

been reported in rare single cases. The I 
t(11;18)(q21;q21) {BIRC3/MALT1) trans- i 

location associated with gastric and pul- | 

monary MALT lymphomas has not been ' 

described {4421}. 

Prognosis and predictive factors 
In the early phase, alpha HCD may com¬ 

pletely remit with antibiotic therapy. In 

patients with more advanced disease, 

multiagent chemotherapy is typically 

required. Treatment with anthracycline- 

containing regimens has been reported | 

to result in remission and long-term sur- ' 

vival in 67% of patients {48,3295,4230}. 
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Plasma cell neoplasms 

Plasma cell neoplasms result from ex¬ 

pansion of a clone of immunoglobulin- 

secreting, heavy chain class-switched, 

terminally differentiated B cells that 

typically secrete a single homogeneous 

monoclonal immunoglobulin called an 

M protein; the presence of such a pro¬ 

tein is called monoclonal gammopathy. 

The plasma cell neoplasms discussed 

in this section include plasma cell my¬ 

eloma, plasmacytoma, disorders defined 

by tissue immunoglobulin deposition 

(primary amyloidosis and light and heavy 

chain deposition diseases), and clonal 

plasma cell proliferations with an associ¬ 

ated paraneoplastic syndrome (POEMS 

syndrome and TEMPI syndrome) (see 

Table 13.04). Non-lgM monoclonal gam¬ 

mopathy of undetermined significance, 

a precursor lesion with the potential to 

evolve to a malignant plasma cell neo¬ 

plasm, is also included. Other immuno¬ 

globulin-secreting disorders that consist 

of both clonal lymphocytes and plasma 

cells, including lymphoplasmacytic lym¬ 

phoma, the heavy chain diseases, and 

IgM monoclonal gammopathy of unde¬ 

termined significance, are discussed in 

other sections. 

Non-lgM monoclonal 
gammopathy of undetermined 
significance 

Definition 
There are two major types of monoclo¬ 

nal gammopathy of undetermined sig¬ 

nificance (MGUS): plasma cell and lym- 

phoid/lymphoplasmacytic, which have 

different genetic bases and different 

outcomes in terms of malignant progres¬ 

sion, Plasma cell MGUS and lymphoid/ 

lymphoplasmacytic MGUS can usually 

be distinguished by morphology, but this 

analysis is not always precise. Instead, 

MGUS is classified as IgM MGUS, which 

is mostly lymphoid/lymphoplasmacytic, 

or non-IgM MGUS, which is mostly plas¬ 

ma cell, although about 1% of plasma 

cell MGUS cases actually produce an 

IgM M protein. Eeatures of IgM MGUS 

McKenna R.W. 

Kyle R.A. 

Kuehl W.M. 

Harris N.L. 

Coupland R.W. 

Fend F. 

Table 13.04 Plasma cell neoplasms 

Non-lgM (plasma cell) monoclonal gammopathy 

of undetermined significance (precursor lesion) 

Clinical variants 

Plasma cell myeloma Smouldering (asymptomatic) plasma cell myeloma 

Non-secretory myeloma 

Plasma cell leukaemia 

Plasmacytoma Solitary plasmacytoma of bone 

Extraosseous (extramedullary) plasmacytoma 

Monoclonal Immunoglobulin 

deposition diseases 

Primary amyloidosis 

Systemic light and heavy chain deposition diseases 

Plasma cell neoplasms with associated 

paraneoplastic syndrome 

POEMS syndrome 

TEMPI syndrome (provisional) 

are detailed in the section on lymphop¬ 

lasmacytic lymphoma and will not be dis¬ 

cussed further in this section. 

Non-lgM (plasma cell) MGUS is defined 

as the presence in the serum of an IgG, 

IgA, or (rarely) IgD M protein at a con¬ 

centration <30 g/L; clonal bone marrow 

plasma cells < 10%; and absence of end- 

organ damage such as hypercalcaemia, 

renal insufficiency, anaemia, and bone 

lesions (CRAB) and amyloidosis attrib¬ 

utable to the plasma cell proliferative 

disorder (Table 13.05) {3290}. The risk 

of progression to plasma cell myeloma, 

light-chain amyloidosis, or a related dis¬ 

order is 1% per year. Light-chain MGUS 

consists only of monoclonal light chains. 

It is defined by an abnormal free light 

chain ratio and an increase of involved 

light chain with complete loss of heavy 

chain expression. The urinary light chain 

excretion must be <0.5 g/24 hour. The 

plasma cell content is <10%, and there 

is no end-organ damage attributable to 

the plasma cell disorder (1004,2167). 

The rate of progression of light-chain 

MGUS is approximately 0.3% per year 

(Table 13,06). Although the M protein 

reflects the presence of an expanded 

clone of immunoglobulin-secreting 

plasma cells, non-IgM MGUS is consid¬ 

ered a premalignant neoplasm, which in 

most cases does not progress to overt 

malignancy. 

lCD-0 code 9765/1 

Synonym 
Monoclonal gammopathy, NOS 

Epidemiology 
MGUS is uncommon in patients aged 

<40 years but is found in approximately 

3-4% of individuals aged >50 years and 

in >5% of individuals aged >70 years; 

80-85% of cases are non-IgM MGUS 

{2175, 2176). Approximately 60% of pa¬ 

tients with non-IgM MGUS are men, and 

it is nearly twice as frequent in Black pop¬ 

ulations as in White populations {2171, 

2210,2211,3685). 

Etiology 
No cause of MGUS has been identified, 

but there is an increased prevalence in 

families with members with a lymphoid or 

plasma cell proliferative disorder {1441, 

2212), Transient oligoclonal and mono¬ 

clonal gammopathies may occur in solid 

organ and bone marrow / stem cell trans¬ 

plant recipients (2171,2679,3330), 

Localization 
The clonal plasma cells producing non- 

IgM MGUS are in the bone marrow. 

Clinical features 
Patients exhibit no symptoms or physi¬ 

cal findings related to non-IgM MGUS, 

and the typical laboratory and radio- 

graphical abnormalities associated with 

plasma cell myeloma are lacking. The 

M protein is often identified in the course 

Plasma cell neoplasms 241 



Table 13.05 Diagnostic criteria for non-IgM monoclonal gammopathy of undetermined significance (MGUS) and 

light-chain MGUS, Adapted from the International Myeloma Working Group (IMWG) updated criteria for the diagnosis 

of multiple myeloma. From: Rajkumar SV et al. (3290}. 

Non-IgM MGUS: Serum M protein (non-IgM) concentration <30 g/L 

Clonal bone marrow plasma cells < 10% 
Absence of end-organ damage; e.g. hypercalcaemia, renal insufficiency, anaemia, 

and bone lesions (CRAB) and amyloidosis attributable to the plasma cell proliferative 

disorder 

Light-chain MGUS: Abnormal free light chain ratio (< 0.26 or > 1.65) 

Increased level of the involved free light chain 

No immunoglobulin heavy chain expression on immunofixation electrophoresis 

Urinary M protein <500 mg/24 hours 

Clonal plasma cells <10% 
Absence of end-organ damage (CRAB) and amyloidosis 

Table 13.06 Diagnosticcriteria for monoclonal plasma cell proliferative disorders with complete loss of immunoglobulin 

heavy chain (FIC) expression, i.e. with light chain (LC) expression only. Adapted from Kyle RA et al, {2167} 

Plasma cell disorder 

Feature LC-MGUS LC-SPCM LC-PCM 

M protein concentration Abnormal FLC ratio and 

increase of involved LC 
with complete loss of HC 

expression in serum; 
urinary LC M protein 

<0.5g/24 hours 

Urinary LC M protein 
>0.5g/24 hours 

Presence of 
LC-oniy M protein 

(usually in urine but can 

sometimes be seen in 

serum) 

Percentage of plasma cells 
in bone marrow^ 

<10% >10% >10% or biopsy-proven 

plasmacytoma 

End-organ damage 

attributable to the 

plasma cell disorder 

Absent Absent Present 

Annual rate of progression 0,3% First 5 years: 5% 

Next 5 years: 3% 
Following 5 years: 2% 

n/a 

FLC, free light chain; LC-MGUS, light-chain monoclonal gammopathy of undetermined significance; 

LC-PCM, light-chain plasma cell myeloma; LC-SPCM, light-chain smouldering plasma cell myeloma. 

^ For the diagnosis of LC-MGUS, both M protein and bone marrow plasma cell percentage criteria must be 

fulfilled; in contrast, the diagnosis of LC-SPCM requires only that at least one of these two criteria is fulfilled. 

of evaluation for another disorder, but 

there is no specific association with any 

particular disease (2171}. The M proteins 

are usually discovered unexpectedly on 

serum protein electrophoresis. Approxi¬ 

mately 60% are IgG, 15% IgA, 1% IgD, 

1% IgE, and 3% biclonal (2171). About 

20% of non-IgM MGUS consists only 

of an immunoglobulin light chain, which 

can be detected with the serum free light 

chain assay (1004,1969,2476,3290). Re¬ 

duction of uninvolved immunoglobulin is 

found in 30-40% of patients with non- 

IgM MGUS, and monoclonal light chain 

in urine in nearly one third (2171,2176, 

3330). 

Microscopy 
Marrow aspirates contain a median of 

3% plasma cells, and trephine biopsies 

show no or only a minimal increase in 

plasma cells, which are interstitial and 

evenly scattered throughout the bone 

marrow or occasionally in small clusters 

(1762,3330). They are usually mature- 

appearing, but mild changes, including 

cytoplasmic inclusions and nucleoli, are 

occasionally observed. 

Immunophenotype 
Immunohistochemical staining for CD138 

facilitates enumeration of plasma cells 

on bone marrow biopsy sections. The 

detection of plasma cells that express 

monotypic cytoplasmic light chain of 

the same isotype as the M protein is 

often problematic, because the clone 

may be small and may occur in a back¬ 

ground of normal polytypic plasma cells. 

In some non-IgM MGUSs, the kappa/ 

lambda ratio is within the normal refer- ' 

ence range; in others, it is skewed (but ji 

less so than in myeloma) (2450,3147). |,] 

Flow cytometry frequently shows two j 

populations of plasma cells; a polyclonal )| 

population with a normal immunopheno- ji 

type (CD38bright, CD19-I-, CD56-) and a j| 

monoclonal population with an aberrant Ji 

phenotype (most often either CD19-/ : 

CD56-r or CD19-/CD56-) (2974,3138). j 

The monoclonal population may exhibit 1 

weaker expression of CD38 than normal, ji 

along with other aberrant antigen expres- j' 

Sion (2926,2974,3138). Residual normal (i 

polyclonal bone marrow plasma cells are u 

a consistent finding by flow cytometry in j' 

non-IgM MGUS, whereas they are ab- ; 

sent or present in only very low numbers ; 

in myeloma (2926,2974), 

Cell of origin 
Non-IgM (plasma cell) MGUS is pro- 1 

duced by post-germinal centre plasma i;: 

cells with IG genes that have somatic 1 

hypermutation of the variable regions t 

and are class-switched. !, 
t 

Genetic profile 
Abnormal karyotypes are rarely found in ; 

non-IgM MGUS, but FISH identifies nu- j 

merical and/or structural abnormalities in . 

most cases (202, 728,1230,1231). The ab- ' 

normalities are the same as those found 

in myeloma, although the prevalence ;; 

may differ. Translocations involving the ' 

IGH locus (14q32) are found in nearly half ; 

of non-IgM MGUSs, with various studies |' 

showing t(11;14)(q13;q32) (IGH/CC/VD/) 

in 15-25%, t(4;14)(p16,3;q32) (IGH/ 

NSD2, also called \G\-\/MMSET) in 

2-9%, and t(14;16)(q32;q23) (IGH//WAF) | 

in 1-5% (202,1230). Hyperdiploidy is ob- 

served in about 40% of non-IgM MGUSs, [ 

with chromosomal trisomies similar to 

those in myeloma (728). Deletions of 13q ! 

are present in about 35-40% of non-IgM 

MGUSs, versus about 50% of myelomas 

(1230,1231,1970,2179). Activating NRAS 
mutations are much less frequent in 

MGUS (present in ~7%) compared with 

myeloma (-15-20%), whereas activat¬ 

ing KRAS mutations have not been de¬ 

tected in MGUS but are present in about t 

15-20% of myelomas (2128,3312). No 

obvious clinical correlations are associ- j 

ated with chromosome abnormalities, 

but this may reflect a lack of sufficient 

data (1230), Although genetic alterations 

and gene expression patterns can prob- | 

ably distinguish advanced myeloma from I 
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MGUS, there are no unequivocal intrinsic 

differences that distinguish the two. 

Prognosis and predictive factors 
In most cases, the clinical course of MGUS 

is stable, with no increase in M protein or 

other evidence of progression, but in a 

substantial minority, there is evolution to 

an active plasma ceil myeloma, solitary 

plasmacytoma, or amyloidosis {1762, 

2171). The risk of progression is about 1% 

per year (0.3% for light-chain MGUS) and 

indefinite, persisting even after 30 years 

(2171,2176). The size and type of M pro¬ 

tein and serum free light chain ratio are 

significant prognostic indicators {1762, 

2172,2176,3080,4078). The risk of pro¬ 

gression for patients with an M protein 

concentration of 25 g/L is >4 times that 

of patients with a concentration <5 g/L. 

Patients with IgA MGUS are at greater 

risk of progression (-1.5% per year) to a 

malignant disorder than are patients with 

IgG or light-chain MGUS (2171). Patients 

with IgG or IgA MGUS with an abnormal 

serum free light chain ratio at diagnosis 

are at higher risk of progression than are 

patients with a normal ratio (2171,3292). 

Individuals with marked predominance 

of aberrant plasma cells (>90%) on flow 

cytometry have a significantly higher risk 

of progression to myeloma (2974,3138). 

DMA aneuploidy and subnormal levels of 

polyclonal immunoglobulin appear to be 

additional clinical risk factors (3138). An 

evolving clinical phenotype also predicts 

an increased probability of progression 

to myeloma (3137). Several risk stratifica¬ 

tion models identify subgroups of cases 

of non-IgM MGUS that progress to mye¬ 

loma at rates ranging from approximately 

0.3% to 12% per year (2167,3137,3138, 

3292,4496). 

Plasma cell myeloma 

Definition 
Plasma cell myeloma (PCM) is a bone 

marrow-based, multifocal neoplastic pro¬ 

liferation of plasma cells, usually associat¬ 

ed with an M protein in serum and/or urine 

and evidence of organ damage related to 

the plasma cell neoplasm. Bone marrow 

is the site of origin of nearly all PCMs, and 

in most cases there is disseminated bone 

marrow involvement. Other organs may 

be secondarily involved. The disease 

spans a clinical spectrum from asympto¬ 

matic to highly aggressive. Diagnosis is 

Table 13.07 Diagnostic criteria for plasma cell myeloma (PCM) and smouldering (asymptomatic) PCM. Adapted 

from the International Myeloma Working Group (IMWG) updated criteria for the diagnosis of multiple myeloma {3290} 

PCM 

Clonal bone marrow plasma cell percentage >10% or biopsy-proven plasmacytoma and 

>1 of the following myeloma-defining events: 

End-organ damage attributable to the plasma cell proliferative disorder: 

- Hypercalcaemia: serum calcium >0.25 mmol/L (>1 mg/dL) higher than the upper limit of normal or 

>2.75mmol/L(>11mg/dL) 

- Renal insufficiency: 

creatinine clearance <40mL/minute or serum creatinine >177 pmol/L (>2mg/dL) 

- Anaemia: a haemoglobin value of >20 g/L below the lower limit of normal ora 

haemoglobin value < lOOg/L 

- Bone lesions: > 1 osteolytic lesion on skeletal radiography, CT, or PET/CT 

> 1 of the following biomarkers of malignancy: 

- Clonal bone marrow plasma cell percentage >60% 

- An involved-to-uninvolved serum free light chain ratio >100 

- > 1 focal lesion on MRI 

Smouldering (asymptomatic) PCM 

Both criteria must be met: 

- Serum M protein (IgG or IgA) >30 g/L or urinary M protein >500 mg/24 hours and/or 

clonal bone marrow plasma cell percentage of 10-60% 

- Absence of myeloma-defining events or amyloidosis 

based on a combination of clinical, mor¬ 

phological, immunological, and radiologi¬ 

cal features. The diagnostic criteria for 

PCM are listed in Table 13.07. 

ICD-0 code 9732/3 

Synonyms 
Multiple myeloma; medullary plasmacy¬ 

toma; myelomatosis; Kahler disease (no 

longer used); myeloma, NOS 

Epidemiology 
PCM accounts for about 1% of malig¬ 

nant tumours, 10-15% of haematopoi¬ 

etic neoplasms, and 20% of deaths from 

haematological malignancies (1851, 

2164,3357). In the USA in 2015, an es¬ 

timated 26 000 cases were diagnosed 

and >11 000 patients died of PCM 

(3673). PCM is more common in men 

than in women, with a male-to-female ra¬ 

tio of 1.1:1. It is nearly twice as frequent 

in Black populations as in White popula¬ 

tions (2164,3357,3673). PCM is almost 

never found in children and very infre¬ 

quently in adults aged <30 years (840, 

390); the incidence increases progres¬ 

sively with patient age thereafter, with 

about 90% of cases occurring in patients 

aged >50 years (median patient age at 

diagnosis: -70 years). 

Etiology 
Chronic antigenic stimulation from in¬ 

fection or other chronic disease and ex¬ 

posure to specific toxic substances or 

radiation has been associated with an in¬ 

creased incidence of PCM (2292,2353). 

An antigenic stimulus giving rise to mul¬ 

tiple benign clones could be followed by 

a mutagenic event initiating malignant 

transformation (1522). Most patients have 

Fig. 13.38 Plasma cell myeloma. Radiographs of skull 

(A) and femoral head (B) demonstrate multiple lytic 

bone lesions. 
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no identifiable toxic exposure or known 

chronic antigenic stimulation (2353). 

Almost all PCMs arise in patients with 

a precursor monoclonal gammopathy 

of undetermined significance (MGUS) 

{2213,42841. 

Localization 
Generalized or multifocal bone marrow 

involvement is typically present. Lytic 

bone lesions and focal tumoural masses 

of plasma cells also occur, most com¬ 

monly in sites of active haematopoiesis. 

Extramedullary involvement is usually a 

manifestation of advanced disease. 

Clinical features 
In most patients, there is clinical evidence 

of PCM-related end-organ damage in 

the form of one or more of the follow¬ 

ing: hypercalcaemia, renal insufficiency, 

anaemia, and bone lesions (CRAB). Re¬ 

nal failure occurs due to tubular damage 

resulting from monoclonal light chain pro¬ 

teinuria, and anaemia results from bone 

marrow replacement and renal damage. 

Bone pain and hypercalcaemia result 

from PCM-induced lytic lesions and 

osteoporosis (2164). Other presenting 

findings may include infections (partly a 

consequence of depressed normal im¬ 

munoglobulin [Ig] production), bleeding, 

and occasionally neurological manifes¬ 

tations due to spinal cord compression 

or peripheral neuropathy (1762,2164, 

3348). Physical findings are often absent 

or non-specific. Pallor is most common. 

Mass disease or organomegaly due to 

extramedullary plasmacytomas or amy¬ 

loidosis is found in approximately 10% 

of patients. Skin lesions resulting from 

plasma cell infiltrates and purpura are 

observed rarely (2164), 

An M protein is found in the serum or 

urine in about 97% of cases: IgG in 50% 

of these cases; IgA in 20%; light chain 

in 20%; and IgD, IgE, IgM, or biclonal in 

<10%. About 3% of cases are non-se- 

cretory (1762,2164). The serum M protein 

is usually >30g/L of IgG and >20g/L 

of IgA, In 90% of patients, there is a de¬ 

crease in polyclonal Ig (<50% of normal). 

Other laboratory findings include hyper¬ 

calcaemia (found in up to 10% of cases), 

elevated creatinine (in 20-30%), hyperu- 

ricaemia (in >50%), and hypoalbuminae- 

mia (in -15%) (1456,2164). 

Fig. 13.39 Plasma cell myeloma. A Gross photograph of the vertebral column, showing multiple lytic lesions filled 
with grey, fleshy tumour. B Vertebral column after maceration, showing multiple lytic lesions. 

Fig. 13.40 Plasma cell myeloma. Low-magnification (A) and high-magnification (B) views of a bone marrow biopsy. 

There is extensive marrow replacement with neoplastic plasma cells. The pattern of involvement is mixed, interstitial, 

and focal. The plasma cells exhibit mature features, with abundant cytoplasm and eccentric nuclei with coarse 
chromatin; most lack visible nucleoli. 

Imaging 
Bone lesions are found on radiographical ' 

skeletal survey in about 70% of cases of 

PCM, and even more frequently by MRI : 

and PET/CT (988,2164,3348,4455). Lytic 

lesions are most common (accounting i 

for -70% of the bone lesions found), but i 

abnormalities also include osteoporo- ; 

sis (accounting for 10-15% of bone le- ; 

sions), pathological fractures, and ver- 1 

tebral compression fractures. The most : 

frequent sites of lesions, in decreasing , 

order, are the vertebrae, ribs, skull, shoul- ' 

ders, pelvis, and long bones (4455). 

j 
Macroscopy : 
The bone defects apparent on gross ex- ; 

amination are filled with soft, gelatinous, ; 

fish-flesh haemorrhagic tissue. i 

Microscopy ; 
Bone marrow biopsy [ 
Monoclonal plasma cells may be scat- li 

tered interstitially, in small clusters, in J 
focal nodules, or in diffuse sheets (281, j 

480,3330). There is often bone marrow ( 

sparing and preservation of normal hae- ’ 

matopoiesis, with interstitial and focal 

patterns of involvement. With diffuse in- \ 
voivement, expansive areas of the bone ! 

marrow are replaced and haematopoie¬ 

sis may be markedly decreased. There is 

typically progression from interstitial and 

focal disease in early PCM to diffuse in¬ 

volvement in advanced stages of disease 

(281). Generally, when 30% of the bone 

marrow volume is composed of plasma 

cells, a diagnosis of myeloma is likely, 

although rare cases of reactive plasma- 

cytosis can reach that level. A tumoural 
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Fig. 13.41 Plasma cell myeloma. A Perirenal involvement (extramedullary plasmacytoma) in a patient with plasma 

cell myeloma. Immunohistochemical assay reveals lambda light chain-bearing perirenal plasmacytoma. B Section 

of kidney showing renal tubular lambda deposition, with casts reflecting renal tubular Bence Jones protein reabsorp¬ 

tion (immunoperoxidase and anti-lambda light chain). 

Fig. 13.42 Plasma cell myeloma. Serum and urine protein electrophoresis and immunofixation from a 65-year-old 

woman with plasma cell myeloma who presented with back, neck, and pelvic pain and generalized weakness. There 

was no hypercalcaemia, renal failure, or anaemia. However, a skeletal survey revealed multiple lytic lesions in the skull, 

ribs, pelvis, clavicles, scapula, and spine. A bone marrow biopsy showed 13% plasma cells. Protein electrophoresis 

(ELP) revealed a serum IgG kappa M protein value of 31 g/L and a urine M protein value of 347.4 mg/24 hours. 

The M protein was identified by immunofixation electrophoresis (IFE) as IgG kappa. Courtesy of Drs Frank H. Wians, 

Jr. and Dennis C. Wooten 

mass of plasma cells displacing normal 

bone marrow elements strongly favours a 

diagnosis of PCM, even if the volume of 

bone marrow replaced is <30%. Promi¬ 

nent osteoclastic activity is observed in 

some cases. 

Immunohistochemistry is useful in quanti¬ 

fying plasma cells on biopsies, in confirm¬ 

ing a monoclonal proliferation, and in dis¬ 

tinguishing PCM from other neoplasms. 

CD138 staining is useful for quantifying 

plasma cells, and clonaiity can usually be 

established with staining for Ig kappa and 

lambda light chains (1762,3147), Staining 

for commonly expressed aberrant anti¬ 

gens such as CD56 and KIT (CD117) may 

be used to detect populations of neoplas¬ 

tic plasma cells. The small-cell or lym- 

phoplasmacytic variant of PCM may be 

confused with small B-cell lymphoma or 

mantle cell lymphoma, especially given 

that these cases frequently show strong 

CD20 expression and/or strong cyclin D1 

expression, due to the common presence 

of a t(11 ;14)(q13;q32) (IGH/CCA/D7) trans¬ 

location (3242,3744). 

Bone marrow aspiration 
The proportion of plasma cells on aspirate 

smears varies from barely increased to 

>90% (2164). Myeloma plasma cells vary 

from mature forms indistinguishable from 

normal cells to immature, plasmablastic, 

and pleomorphic ceils (281,480,1454). 

Mature plasma cells are usually oval, with 

a round eccentric nucleus and so-called 

spoke-wheel or clock-face chromatin with¬ 

out nucleoli. There is generally abundant 

basophilic cytoplasm and a perinuclear 

hof. The small-cell variant shows a lym- 

phoplasmacytic appearance, with a nar¬ 

row rim of basophilic cytoplasm and the 

occasional perinuclear hof. In contrast, 

immature forms have more-dispersed nu¬ 

clear chromatin, a higher N:C ratio, and 

(often) prominent nucleoli. In almost 10% 

of cases, there is plasmablastic morphol¬ 

ogy (1454). Multinucleated, multilobed, 

pleomorphic plasma cells are prominent 

in some cases (281,480). Because nu¬ 

clear immaturity and pieomorphism rarely 

occur in reactive plasma cells, they are 

reliable indicators of neoplastic plasma 

cells. The cytoplasm of myeloma cells has 

abundant endoplasmic reticulum, which 

may contain condensed or crystallized 

cytoplasmic Ig prdducing a variety of 

morphological findings, including multiple 

pale bluish-white, grape-like accumula¬ 

tions (Mott cells and morula cells); cherry- 

red refractive round bodies (Russell bod¬ 

ies); vermilion-staining glycogen-rich IgA 

(flame cells); overstaffed fibrils (pseudo- 

Gaucher cells and thesaurocytes); and 

crystalline rods (480). These changes are 

not pathognomonic of PCM; they can also 

be found in reactive plasma cells. 

In about 5% of cases of PCM, there are 

<10% plasma cells in the bone marrow 

aspirate smears (1762). This may be due 

to a suboptimal bone marrow aspirate 

or the frequent focal distribution of PCM 

in the bone marrow. In such instances. 

larger numbers of plasma cells and fo¬ 

cal clusters are sometimes observed in 

the trephine biopsy sections. Biopsies di¬ 

rected at radiographical lesions may be 

necessary to establish the diagnosis in 

some patients, 

Peripherai blood 
Rouleaux formation is the most striking 

feature on blood smears and is related 

to the quantity and type of M protein. A 

leukoerythrobiastic reaction is observed 

in some cases. Plasma cells are found 
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Fig. 13.44 Plasma ceil myeloma. This composite figure illustrates the histological features of two immature myelo¬ 

mas on bone marrow biopsy. A The plasma cells are relatively uniform and most have eccentrically located nuclei. 

The nuclear chromatin is dispersed, and nearly every nucleus contains a prominent centrally located brightly eosino¬ 

philic nucleolus. B The plasma cells are profoundly pleomorphic, with frequent multinucleated cells consistent with 

the term ’anaplastic plasma cell myeloma+. 

Fig. 13.43 Plasma cell myeloma. Bone marrow biopsy. 

A discrete plasma cell mass displaces normal marrow 
fat cells and haematopoietic elements. Note the 

prominent osteoclastic activity in the trabecular bone 

near the myeloma mass. 

on blood smears in about 15% of cases, 

usually in small numbers. Marked plas- 

macytosis accompanies plasma cell 

leukaemia. 

Kidney 
Bence Jones protein accumulates as 

aggregates of eosinophilic material in the 

lumina of the renal tubules. Renal tubular 

reabsorption of Bence Jones protein is 

largely responsible for renal damage in 

PCM. 

Immunophenotype 
Flow cytometry shows that the neoplastic 

plasma cells have monotypic cytoplas¬ 

mic Ig and usually lack surface Ig; the 

cells typically express CD38 and CD138, 

but the CD38 expression signal tends to 

be dimmer and the CD138 signal brighter 

than in normal plasma cells {291,2926}. 

Unlike in normal plasma cells, CD45 

is negative or expressed at low levels; 

CD19 is negative in 95% of cases, and 

CD27 and CD81 are frequently nega¬ 

tive or underexpressed (291,2348,2557, 

2725,2926,3033,3474,3937}. Aberrant 

expression of antigens not found on nor¬ 

mal plasma cells (or present only in small 

subsets of normal ceils) is identified in 

nearly 90% of cases {2348}. These anti¬ 

gens include CD56 (found in 75-80% of 

cases), CD200 (60-75%), CD28 (-40%), 

KIT (CD117; 20-35%), CD20 (10-20%), 

CD52 (8-14%), CD10 and myeloid and 

monocytic antigens (found occasionally). 

and stem cell-associated antigens 

(found rarely) {73,291,292,2348,2973, 

3123,32 27,3286,3375,3474}. Increased 

expression of MYC may be detected on 

immunohistochemistry, and cyclin D1 is 

expressed in cases with t(11;14)(q13;q32) 

(IGH/CC/VD?) and some cases with hy- 

perdiploidy {795,3744,4384}. 

There is conflicting evidence regarding 

the value of immunophenotype as an in¬ 

dicator of prognosis in PCM {2724,3124}. 

Expression of CD19, CD28, and CD200; 

lack of expression of CD45 or KIT 

(GD117); and underexpression of CD27 

have all been associated with more-ag¬ 

gressive disease; however, none of these 

markers has been proven by multivariate 

analysis to have independent prognostic 

significance {52,2557,2725,2973}. 

Postulated normal counterpart 
The postulated normal counterparts are 

post-germinal centre long-lived plasma 

cells in which the IG genes have under¬ 

gone class switch and somatic hyper¬ 

mutation. The cell of origin has not been 

established. 

Genetic profile 
Antigen receptor genes 
IG heavy and light chain genes are clon- 

ally rearranged. There is a high load of 

IGFIV gene somatic hypermutation with¬ 

out ongoing mutations, consistent with 

derivation from a post-germinal centre, 

antigen-driven B cell {237}. 

Cytogenetic abnormalities and 
oncogenes 
Abnormalities are detected by karyotype 

cytogenetics in about one third of PCMs, 

and by FISH in >90% {200,728,1231, 

2180,2188,3541}. Abnormalities are both 

numerical and structural and include 

Fig. 13.45 Plasma cell myeloma. Cytological features in marrow aspirations showing variation from mature (A,B) 

to immature (C,D) plasma cells. The more mature cells have clumped nuclear chromatin, abundant cytoplasm, a 

low N:C ratio, and only rare nucleoli. In contrast, the less mature cells have more-prominent nucleoli, loose reticular 

chromatin, and a higher N:C ratio. 
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Fig. 13.46 Plasma cell myeloma. Morphological variants based on cytoplasmic features, A So-called Mott cell with 
abundant grape-like cytoplasmic inclusions of immunoglobulin. B Numerous Russell bodies. 

■ trisomies and whole or partial chromo- 

j some deletions and translocations; 

: complex cytogenetic abnormalities are 

; common. A molecular cytogenetic classi- 

, fication of PCM proposed by the Interna¬ 

tional Myeloma Working Group (IMWG) 

is shown in Table 13.08 {1232). The ge- 

; netic categories are major indicators 

I of prognosis and form the basis for risk 

I stratification of PCM (see Prognosis and 
I predictive factors). The IMWG consensus 

! recommendations on genetic testing are 

j listed in Table 13.09 {1232). 

i The most frequent chromosome trans- 

: locations involve IGH on chromo¬ 

some 14q32 and are present in 55-70% 

of PCMs {202,1231). Seven recurrent on¬ 

cogenes are involved in 14q32 transloca- 

i tions: CCND1 on 11q13 (involved in 16% 

of cases), MAP on 16q23 (in 5%), FGFR3/ 
' NSD2 (also called FGFR3/MMSET) on 

i 4p16.3 (in 15%), CCND3 on 6p21 (in 

2%), MAFB on 20q11 (in 2%), MAFA on 

8q24 (in <1%), and CCND2 on 12p13 (in 

<1%) (see Table 13.08 and Table 13.10) 

{200,1232,2128). Together these seven 

translocations are found in about 40% of 

cases of PCM, most of which are non-hy- 

perdiploid (i.e. with <48 or >75 chromo¬ 

somes). The remaining PCMs are mostly 

hyperdiploid (usually with gains in three 

or more of the odd-numbered chromo¬ 

somes 3, 5, 7, 9, 11, 15, 19, and 21) and 

only infrequently have one of the seven 

recurrent IGH translocations listed above 

{728,729,1231). 

IGH translocations and hyperdiploidy ap¬ 

pear to be early events in the genesis of 

plasma cell neoplasms, unified by asso¬ 

ciated upregulation of one of the cyclin D 

genes {CCND1, CCND2, or CCND3) 
{351,2128). Gene expression profiling 

can determine the expression levels of 

CCND1, CCND2, and CCND3 RNA and 

identify tumours that overexpress onco¬ 

genes dysregulated by the seven recur¬ 

rent IGH translocations. On the basis of 

patterns of translocations and cyclin D 

expression (TC groups), non-IgM MGUS 

and PCM can be classified into groups 

that are based mostly on early patho¬ 

genic events (Table 13.10). Some or all 

of these groups may represent distinct 

disease entities that require different 

therapeutic strategies {2128,3798). Two 

other molecular classifications based on 

unsupervised clustering of tumours by 

gene expression profiles are similar to 

the TC groups {473,4474). However, they 

are not generally applicable for non-IgM 

MGUS, because some of the groups are 

based on progression events not found in 

MGUS (e.g. proliferation) {2128). 

Monosomy or partial deletion of chromo¬ 

some 13 (13q14) is found by FISH in near¬ 

ly half of PCMs. It is sometimes an early 

event (present in about 35% of non-IgM 

MGUSs) but can also be a progression 

event, particularly in PCM with t(11;14) 

{711,1231). MYC (and rarely MYCN) locus 

rearrangements are present in nearly half 

of PCM tumours. These reposition MYC 
near a promiscuous array of plasma 

cell-specific super-enhancers (includ¬ 

ing IGH, IGK, and IGL super-enhancers). 

The MYC rearrangements may some¬ 

times contribute to the progression from 

non-IgM MGUS to PCM, but can also 

occur at later stages of PCM progres¬ 

sion {26). Mutually exclusive activating 

mutations of KRAS, NRAS, or BRAF are 

present in about 40% of PCMs and are 

candidates for mediating the transition of 

non-IgM MGUS to myeloma in some pa¬ 

tients {2383,3312,4496). 

Other recurrent genetic changes asso¬ 

ciated with disease progression include 

secondary IGH or IGL translocations; 

deletion and/or mutation of TP53 (17p13); 

gains of chromosome 1q and loss of Ip; 

mutations of genes that result in activation 

of the NF-kappaB pathway; mutations of 

FGFR3 in tumours with t(4;14); and inac¬ 

tivation of CDKN2C, RBI, FAM46C, and 

Table 13.08 The International Myeloma Working Group 

(IMWG) molecular cytogenetic classification of plasma 

cell myeloma. Adapted from Fonseca R, et al. {1232} 

Genetic category 

Proportion of 

cases 

Hyperdiploid 45% 

Non-hyperdiploid 40% 

Cyclin D translocation 18% 

t(11;14)(q13;q32) 16% 
t(6;14)(p25;q32) 2% 

t(12;14)(p13;q32) <1% 

NSD2 

(also called MMSET) 

translocation 15% 

t(4;14)(p16;q32) 15% 

MAF translocation 8% 

t(14;16)(q32;q23) 5% 
t(14;20)(q32;q11) 2% 
t(8;14)(q24;q32) 1% 

Unclassified (other) 15% 

Table 13.09 The International Myeloma Working Group 

(IMWG) consensus recommendations on genetic test¬ 

ing. Adapted from Fonseca R, et al. {1232} 

FISH (on cell-sorted samples or cytoplasmic 

immunoglobulin FISH) 

Minimal panel; 

t(4;14)(p16;q32), 

t(14;16)(q32;q23), 
del(17p13) 

More comprehensive panel: 

t(11;14)(q13;q32), 

del 13, 

ploidy category, 

chromosome 1 abnormalities 

Clinical trials should incorporate gene expression 
profiling 

DIS3 {109,1232,2128,2383). Epigenetic 

changes manifested by DMA methy- 

lation are also associated with tumour 

progression. 

Myeloma tumour cells from individual pa¬ 

tients often have heterogeneous somatic 

genetic abnormalities reflecting the pres¬ 

ence of multiple subclones. Tumour sub¬ 

clones can have activating mutations of 

NRAS, KRAS, or BRAF; although each 

subclone can have only one of these mu¬ 

tations. This has important therapeutic 

implications, because a specific thera¬ 

peutic regimen may target one or more 

specific subclones but have little or no 

effect on other subclones {1979, 2383), 

Although genetic events appear to play 

the key role in initiation and progression 
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Table 13.10 Molecular classifications of plasma cell myeloma^; modified from Kuehl WM and Bergsagel PL {2128} 

Group TC'’ Gene‘s Ploidy %“ UAMS HOVON-GMMG 

Cyclin D TLC 11q13 CCND1 N 15 CD1,CD2 CD1,CD2 

6p21 CCND3 N 2 CD1,CD2 CD1,CD2 

12p13 CCND2 N <1 CD1,CD2 CD1,CD2 

NSD^ TLC 4p16 NSD2, FGFR3 

(CCND2) 

N>H 15 MS MS 

MAF TLC 16q23 MAF{CCND2) N 5 MF MF 

20q12 MAFB (CCND2) N 2 MF MF 

8q24 MAFA {CCND2) N <1 MF MF 

No primary D1 CCND1 H 33 HY Y,CD1,NFKB, CTA, PRL3 

TLC D1 +D2 CCND1, CCND2 H 7 PR PR, CTA 

D2 CCND2 H,NH 18 PR, LB LB, CTA, PRL3 

None' No cyclin D genes N 2 PR PR, CTA 

H, mostly hyperdiploid; HOVON-GMMG, Dutch-Belgian Cooperative Trial Group for Hematology-Oncology and 

German Multiple Myeloma Group classification; N, mostly non-hyperdiploid; PR, proliferation; 

TC, translocations and cyclin D classification; TLC, IGH translocation; UAMS, University of Arkansas for 

Medical Science classification. 

^ The TC classification is generally valid for monoclonal gammopathy of undetermined significance (MGUS) 

and multiple myeloma. The UAMS and HOVON-GMMG classifications include plasma cell myeloma 

progression events and are probably not generally valid for MGUS. 

11q13 and 6p21 are combined into one TC group; 12p13 is rarely identified and thus usually in the D2 group. 

TLC target and/or cyclin D upregulated 

The percentage of patients with plasma cell myeloma in each group. ^NSD2 is also known as MMSET. 

'None refers to a group of patients with no cyclin D expression. 

Table 13.11 International Staging System (ISS) for plasma cell myeloma. From Greipp PR, et al. (1456) 

Stage Criteria Median survival (months) 

1 Serum beta-2 microglobulin <3.5g/dL 

Serum albumin >3.5g/dL 

62 

II Not stage 1 or IlF 44 

III Serum beta-2 microglobulin >5.5 mg/L 29 

There are two categories for stage II: 

(1) serum beta-2 microglobulln <3.5mg/L but serum albumin <3.5 g/dL and 

(2) serum beta-2 microglobulin of 3.5 to <5.5mg/L, irrespective of the serum albumin level. 

Table 13.12 Mayo Stratification of Myeloma and Risk-Adapted Therapy. Adapted from Chesi M and Bergsagel PL {690} 

Standard risk (60%) Intermediate risk (20%) High risk (20%) 

t(11;14) t(4;14) 

t(6;14) Del 13 

Hyperdiploid Hypodiploid 

All others 

OS: 8-10 years OS: 4-5 years 

GEP, gene expression profiling; OS, overall survival. 

Del 17p 

t(14;16) 

t(14;20) 

GEP high-risk signature 

OS: 3 years 

of PCM, the bone marrow mioroenviron- 
ment is also important in pathogenesis 
and progression {97}. Extraoellular matrix 
proteins, secreted cytokines and growth 
factors (including IL6), and/or the func¬ 
tional consequences of direct interaction 

of the bone marrow stromal cells with 
neoplastic plasma cells are major con¬ 
stituents that influence the pathophysiol¬ 
ogy of PCM {2677}. 

Genetic susceptibility 
The risk of PCM in individuals with a first- ; 
degree relative with PCM or MGUS is i 
3.7 times that in the general population j 
{468,1441}. j 

Prognosis and predictive factors j 
For most patients, PCM is an incurable 
progressive disease, but newer thera- ; 
peutic approaches have significantly 
improved quality of life and survival 
{2723}. Survival ranges from <6 months ! 
to > 10 years (median: ~5.5 years) {666}. | 
Patients aged >70 years and those with j 
significant comorbidities and poor per- j 
formance status have a less favourable i 
prognosis. The International Staging Sys- [ 
tern (ISS) for PCM, based on pretreat- i 
ment serum beta-2 microglobulin and al- 1 
bumin levels, provides a strong predictor 
of survival (Table 13.11) {1456}. Treatment 
response as measured by minimal resid- 
ual disease detection by flow cytometry 
is a significant predictor of both progres¬ 
sion-free and overall survival, especially ^ 
following autologous stem cell transplan- i|, 
tation {3035,3036}. ]■ 
Genetics is a powerful predictor of prog- . 
nosis and has been combined with the ]' 
ISS (R-ISS) to provide improved risk j 
stratification {3041}. Genetic risk stratifi¬ 
cation based primarily on FISH analysis 1 
stratifies cases into standard-risk, inter- ) 
mediate-risk, and high-risk categories J 
{690,1232,2661}. The most important ge- i 
netic indicators of high-risk myeloma are 
deletion of 17p/TP53 sequences and the i 
MAF translocations t(14;16) and t(14;20) 
(Table 13.12). Several high-risk molecular 
signatures, based on gene expression 
profiling using various panels of genes, 
serve as prognostic indicators for PCM. 1 
Increased expression of genes associ- ' 
ated with proliferation is an important 
component of these prognostic signa¬ 
tures. The UAMS-70 and related UAMS- 
17 prognostic scores {3639} and the 
FMC-92-gene signature {2129} appear to 
be the most robust prognostic gene sig¬ 
nature models when applied to cohorts 
of PCMs from various institutions. Other 
reported indicators of less favourable risk 
include reduced polyclonal (uninvolved) 
serum Igs, elevated lactate dehydroge¬ 
nase, high C-reactive protein, increased 
plasma cell proliferative activity, a high ! 
degree of bone marrow replacement, 
plasmablastic morphology, and elevated 
serum soluble receptor for IL6 {281-,289, 
290,1454,1455,2164,3291}. 
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Plasma cell myeloma 
variants 

Smouldering (asymptomatic) 
plasma cell myeloma 
Patients with smouldering plasma cell 

myeloma (SPCM) have 10-60% olonal 

plasma sells in their bone marrow and/ 

or an M protein at myeloma levels but 

absenoe of myeloma-defining events 

(i.e, hyperoaloaemia, renal insufficiency, 

anaemia, and bone lesions; CRAB) and 

amyloidosis (see Table 13.06, p. 242, and 

Table 13.07, p.243) {2165,2174,3290}. 

Approximately 8-14% of patients with 

plasma cell myeloma (PCM) are initially 

diagnosed with SPCM (2119,2174). The 

disorder is similar to monoclonal gam- 

mopathy of undetermined signifioance in 

its lack of oiinioal manifestations, but is 

much more likely to progress to sympto¬ 

matic PCM (992,2165,2174,2176). Most 

patients have 10-20% bone marrow 

plasma cells, and the median level of 

serum M protein is nearly 30 g/L. Nor¬ 

mal polyclonal immunoglobulins (Igs) 

are reduoed in >83% of patients, and 

53% of patients have monoclonal light 

chains in the urine (2164,2165). Light 

chain SPCM is characterized by 10-60% 

bone marrow clonal plasma cells and 

urinary light chain M protein excretion of 

>0.5 mg/24 hours. 

Some patients with SPCM have stable 

disease for long periods, but the cumu¬ 

lative probability of progression to symp¬ 

tomatic PCM or amyloidosis is approxi¬ 

mately 10% per year for the first 5 years, 

3% per year for the next 5 years, and 1% 

per year thereafter; the median time to 

progression is about 5 years (2174). For 

light chain SPCM, the rate of progression 

is 5% per year for the first 5 years, 3% per 

year for the next 5 years, and then 2% 

per year for the following 5 years. Risk 

factors for earlier progression to sympto¬ 

matic PCM include the presence of both 

>10% bone marrow plasma cells and 

>30 g/L M protein, detection of bone le¬ 

sions by MRI, a high percentage of bone 

marrow plasma cells with an aberrant 

immunophenotype, an abnormal serum 

free light chain ratio, a high-risk gene ex¬ 

pression profile, a high plasma cell prolif¬ 

eration rate, and circulating plasma cells 

(969,1005,1007,2174,2558). Therapeutic 

intervention for the highest-risk patients 

has been shown to delay progression to 

symptomatic PCM and to improve overall 

survival (1007,2558,3293). 
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Fig. 13.47 Plasma cell myeloma. Flow cytometry histograms of bone marrow. The neoplastic plasma cells are 

indicated in red and normal B lymphocytes in blue. The myeloma cells express bright CD38 and are negative for 

CD20, CD19, and CD10. They express CD56 and partial CD45, are negative for surface light chains, and express 

cytoplasmic kappa. 

Fig. 13.48 Plasma cell myeloma. Interphase FISH analyses of recurrent abnormalities. A Fusion signals for t(4;14) 

(p16;q32). Probes for IGH are green and probes for FGFR3INSD2 (also called FGFR3IMMSET) are red. Two fusion 

signals (indicated by arrowheads) most likely identify der(4) and der(14), but could represent two copies of der(4). B 

Extra copies of three chromosomes in a hyperdiploid tumour. Three copies of chromosome 5 (LSI D5S23/D5S721, 

green) and chromosome 9 (CEP 9, aqua, circled) and four copies of chromosome 15 (CEP 15, red). C Two copies of 

chromosome 17 (CEP 17, green) and deletion of one copy of TP53 (red). D Loss of one copy of chromosome 13/13q. 

LS113 containing RB1 (green), D13S19 (red). In all four panels, the cytoplasm is blue due to immunostaining of Ig- 

kappa or Ig-lambda expressed by the tumour plasma cells, and the probes are from Vysis. Courtesy of Dr R. Fonseca. 
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Fig. 13.49 Plasma cell myeloma. Spectral karyotypic analysis of hyperdiploid and non-hyperdiploid cases, showing 

metaphase spreads in display colours (A,C) and classification of chromosomes (B,D). A,B Hyperdiploid tumour 

with 53 chromosomes, including 4 rearranged chromosomes involving >2 different chromosomes; trisomies of 

chromosomes 3, 9, 11, and 19; and tetrasomies of chromosomes 15 and 21. From FISH analyses (not shorn). 

there is no IGH or IGL translocation, but MVC is inserted on chromosome 6p23. C,D Non-hyperdiploid tumour with 

46 chromosomes, including at least 3 rearranged chromosomes involving > 2 different chromosomes, an internally 

deleted chromosome 14, and loss of one copy of chromosome 13. FISH analyses (not shown) confirm the presence 

of a t(2;14)(p23;q32) translocation involving MYCN (also called NMYC) and a karyotypically silent t(4;14)(p16;q32) 

translocation. Courtesy of Roschke A, Gabrea A, Kuehl MW. 

The highest-risk asymptomatic patients 

are defined as those with extreme bone 

marrow plasmacytosis (>60%), an ex¬ 

tremely abnormal serum free light chain 

ratio (> 100), or >2 bone lesions detected 

only by modern imaging (1007,3290). 

Asymptomatic patients with any one or 

more of these biomarkers should be con¬ 

sidered to have active PCM for the pur¬ 

pose of treatment; such cases should not 

be classified as SPCM (1007,3293). 

Non-secretory myeloma 
Approximately 1% of PCMs are non- 

secretory. In these, there is absence of 

an M protein by serum and urine immu- 

nofixation electrophoresis (1762,2164), 

Cytoplasmic M protein is present in the 

neoplastic plasma cells in about 85% of 

cases when evaluated by immunohisto- 

chemistry, consistent with production but 

impaired secretion of Ig (1762). Elevated 

serum free light chains and/or an abnor¬ 

mal free light chain ratio is found in as 

many as two thirds of cases considered 

to be non-secretory by immunofixation 

electrophoresis, suggesting that many 

such cases are at least minimally se¬ 

cretory or oligosecretory (1036,1762). In 

about 15% of non-secretory myelomas, 

no cytoplasmic Ig synthesis is detect¬ 

ed (non-producer myeloma). Acquired 

mutations of the IG light chain variable 

genes and alteration in the light chain 

constant region have been implicated in 

the pathogenesis of the non-secretory 

state (813,1053), 

The clinical features of non-secretory my¬ 

eloma are similar to those of other PCMs, 

except for a lower incidence of renal in¬ 

sufficiency and hypercalcaemia and less 

depression of normal ig (1762,3705). The 

immunophenotype, genetics, and prog¬ 

nosis of non-secretory myeloma are simi¬ 

lar to those of other PCMs (666). Survival 

appears to be better for patients with a 

normal baseline serum tree light chain 

ratio than those with an abnormal ratio 

(666). Non-secretory myeloma must be 

distinguished from the rare IgD and IgE 

myelomas, which have low serum M pro¬ 

tein and may not be routinely screened 

tor by immunofixation electrophoresis. 

Plasma cell leukaemia 
Plasma cell leukaemia (PCL) is a PCM 

in which clonal plasma ceils constitute 

>20% of total leukocytes in the blood or 

the absolute count is >2.0x10®/L (1185, 

1762), The bone marrow is usually ex¬ 

tensively and diffusely infiltrated. Neo¬ 

plastic plasma cells are frequently found 

in extramedullary sites such as the liver, 

spleen, body cavity effusions, and spinal 

fluid. PCL is an initial presentation (prima¬ 

ry PCL) in 2-4% of myelomas. Secondary 

PCL is a leukaemic transformation occur¬ 

ring in approximately 1% of previously 

diagnosed PCMs (1400). 60-70% of all 

PCLs are primary (201,993,1185,1300). 

The median patient age at diagnosis is 

younger than for other myelomas. Lym- 

phadenopathy, organomegaly, and renal 

failure are more common, and lytic bone 

lesions and bone pain less common 

(1300). A higher proportion of cases of 

light chain-only, IgE, and igD myelomas 

present as PCL compared with igC or IgA 

myelomas (1300,1600). The immunophe¬ 

notype of PCL differs from other PCMs 

by its more frequent expression of CD20 

and less frequent expression of CD56, 

which is negative in about 80% of PCLs 

(1185,1300,3123,3474), PCL has a higher 

incidence of high-risk genetic findings 

(201,1185,1862,4000), The t(11;14) trans¬ 

location, typically associated with a more 

favourable prognosis in PCM, is also 

overrepresented in primary PCL (201, 

4000), Patients with PCL have aggres¬ 

sive disease, poor response to therapy, 

and a relatively short survival (201,993, 

1185,1300,1400,2169,2886,4000). 

Plasmacytoma 

Definition 
Solitary plasmacytomas are single local¬ 

ized tumours consisting of monoclonal 

plasma cells with no clinical features 

of plasma cell myeloma (PCM) and no 

physical or radiographical evidence of 

additional plasma cell tumours. There 

are two types of plasmacytoma; solitary 

plasmacytoma of bone and extraosseous 

(extramedullary) plasmacytoma. 

Solitary plasmacytoma of bone 

Definition 
Solitary plasmacytoma of bone (SPB) is 

a localized tumour consisting of mono¬ 

clonal plasma cells with no clinical fea¬ 

tures of PCM. Radiographical studies, 

including MRI and CT, show no other 

bone lesions (988,2324,3290,3742). 

Approximately 30% of patients with a 

solitary plasmacytoma defined only by 

radiographical skeletal survey have ad¬ 

ditional lesions identified on MRI or CT 

(988,2765), These patients are consid- 
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Table 13.13 Diagnostic criteria for solitary plasmacytoma. Adapted from the International Myeloma Working Group 

(IMWG) updated criteria for the diagnosis of multiple myeloma. From: Rajkumar SV, et al. {3290} 

Solitary plasmacytoma 

Biopsy-proven solitary lesion of bone or soft tissue consisting of clonal plasma cells 

Normal random bone marrow biopsy with no evidence of clonal plasma cells 

Normal skeletal survey and MRI or CT (except for the primary solitary lesion) 

Absence of end-organ damage, such as hypercalcaemia, renal insufficiency, anaemia, and bone lesions 

(CRAB) attributable to a plasma cell proliferative disorder 

4315). Other reported risk factors for pro¬ 

gression to myeloma are an abnormal 

serum free light ohain ratio, monoclonal 

urinary free light chains, low levels of un¬ 

involved immunoglobulin, and osteope¬ 

nia (992,997,1635,1811,3031,4315). 

Extraosseous plasmacytoma 

Solitary plasmacytoma with minimal bone marrow involvement 

Same as above plus clonal plasma cells <10% in random bone marrow biopsy 

(usually identified by flow cytometry) 

ered to have PCM (2324.3290,4260). 

There are two distinct types of SPB, with 

different prognoses: those with no clonal 

bone marrow plasmaoytosis except for 

the solitary lesion and those with mini¬ 

mal (<10%) clonal bone marrow plasma 

cells, often identified only by flow oytom- 

etry (3290). The diagnostic criteria for 

solitary plasmacytoma, adapted from the 

International Myeloma Working Group 

(IMWG) updated criteria for the diagno¬ 

sis of multiple myeloma (3290), are listed 

in Table 13.13). 

ICD-0 code 9731/3 

Synonyms 
Plasma sell tumour; solitary myeloma; 

solitary plasmacytoma; osseous plasma¬ 

cytoma; plasmacytoma of bone 

Epidemiology 
SPB accounts for 1-2% of plasma oell 

neoplasms (1762). It is more common in 

men (accounting for 65% of cases), and 

the median patient age at diagnosis is 

55 years (992,1762). 

Localization 
The most common sites are bones with 

active bone marrow haematopoiesis, in 

order of frequency: the vertebrae, ribs, 

skull, pelvis, femora, humeri, clavicles, 

and scapulae (992). Thoracic vertebrae 

are more commonly involved than are 

cervical or lumbar vertebrae; long bone 

Involvement below the elbow or knee is 

rare (934,1762). 

Clinical features 
Patients most frequently present with 

localized bone pain or a pathologi¬ 

cal fracture. Vertebral lesions may be 

associated with symptomatic cord com¬ 

pression (934). Soft tissue extension 

may produce a palpable mass (1762). 

An M protein is found in the serum or 

urine in 24-72% of patients; the serum 

free light chain ratio is abnormal in about 

half (992,997,1762,3742,4315). In most 

cases, polyclonal immunoglobulins are 

at normal levels (992,3742). There is no 

anaemia, hypercalcaemia, or renal fail¬ 

ure related to the plasmacytoma (1762). 

Microscopy 
Plasmacytomas have features similar to 

those of PCM and are easily recogniz¬ 

able In tissue sections, except in rare 

poorly differentiated cases (e.g. plas- 

mablastic or anaplastic cases). Plas¬ 

ma cell clonality can be confirmed by 

immunohistochemistry. 

Immunophenotype 
The immunophenotype is similar to that 

of PCM. 

Genetic profile 
The genetic findings are similar to those 

in PCM. 

Prognosis and predictive factors 
Local control is achieved by radiotherapy 

in most cases, but as many as two thirds 

of cases eventually evolve to generalized 

PCM or additional solitary or multiple 

plasmacytomas (934,1664,1762,2765, 

4315,4335). Progression occurs within 

3 years in about 10% of cases of SPB and 

no detectable bone marrow involvement 

and in 60% of those with minimal bone 

marrow involvement (< 10% bone marrow 

clonal plasma cells) (1635,3031,3290, 

4260). Approximately one third of pa¬ 

tients remain disease free for > 10 years; 

median overall survival is about 10 years 

(990,1762). Older patients and patients 

with an SPB >5 cm or persistence of 

an M protein for > 1 year following local 

radiotherapy have a higher incidence of 

progression (992,1762,2324,3742,4068, 

Definition 
Extraosseous (extramedullary) plasma¬ 

cytomas are localized plasma cell neo¬ 

plasms that arise in tissues other than 

bone (Table 13,13). Lymphomas with 

prominent plasmacytic differentiation, 

especially extranodal marginal zone lym¬ 

phoma (MZL) of mucosa-associated lym¬ 

phoid tissue (MALT lymphoma), must be 

excluded (Table 13.14). 

ICD-0 code 9734/3 

Epidemiology 
Extraosseous (extramedullary) plasma¬ 

cytomas constitute approximately 1% of 

plasma cell neoplasms (61). Two thirds of 

patients are male, and the median patient 

age at diagnosis is about 55 years. 

Localization 
Extraosseous plasmacytomas occur 

most commonly in the mucous mem¬ 

branes of the upper air passages, but 

they can also occur in numerous other 

sites, including the gastrointestinal tract, 

lymph nodes, bladder, breasts, thyroid, 

testes, parotid glands, skin, and CNS (61, 

1279). Plasmacytomas of the upper res¬ 

piratory track spread to cervical lymph 

nodes in about 15% of cases (2631). 

An indolent variant of IgA-expressing, 

predominantly nodal plasmacytoma has 

been described in younger adults, with 

frequent signs of immune dysfunction 

(3634). 

Clinical features 
Symptoms are generally related to the 

tumour mass. With masses in the upper 

airway, symptoms may include rhinor- 

rhoea, epistaxis, and nasal obstruction. 

Radiographical and morphological as¬ 

sessments show no evidence of bone 

marrow involvement. Approximately 

20% of patients have a small M protein, 

most commonly IgA (1279,1762,3742). In 

extraosseous plasmacytoma there are no 

clinical features of plasma cell myeloma. 
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Table 13.14 Differential diagnosis of neoplasms with plasmacytic (PC) or plasmablastic (PB) differentiation in extraosseous locations 

Extraosseous infiitrates of plasma 

cell myeloma (PCM) PB lymphoma Primary extraosseous plasmacytoma 

Clinical features and predisposing 

factors 

Usually in advanced PCM, 

sometimes pure extraosseous relapse 

after treatment 

HIV infection and iatrogenic 

immunosuppression, 

elderly immunocompetent patients 

No known predisposing factors, 

broad patient age range, rare cases in 

post-transplantation setting {3352} 

Location Any site, 

with or without leukaemic peripheral 

blood involvement 

Predominantly extranodal, 

oral cavity, gastrointestinal tract, 

skin, and lymph nodes; 

50% in immunocompetent patients 

80% in head and neck region, 

mostly extranodal 

Osteoiytic iesions Common, disseminated Rare Rare local infiltration (skull) 

M protein >95% Rare 20%, low level 

Bone marrow involvement Yes Rare No manifest involvement (by definition), 

15% during disease evolution 

Disease stage Usually in advanced-stage PCM >90% either stage 1 or IV Mostly stage lE-IIE 

Morphology PB/PC Immunoblastic/PB, 

occasionally PC component 

Usually mature PC 

Immunophenotype PC markers and cytoplasmic 

immunoglobulin light chains positive 

CD56+ in 70-80% 

(PC leukaemia usually CD56-) 

PC markers positive 

Immunoglobulin light chains 

positive in 50% 

B-cell markers negative 

CD56+in 10-30% 

PC markers and cytoplasmic 

immunoglobulin light chains positive 

CD56 less common, weak 

Cyclin D1 negative 

Molecular alterations PCM cytogenetics, with 

50-70% IG translocations 

MYC rearrangement frequent with 

PB morphology 

PCM-type translocations absent 

50% MYC rearrangement 

t(11;14) translocation and 

MYC rearrangement absent 

EBV infection Absent 50-75%, 

depending on patient background 

Rare, 50-70% in extramedullary 

plasmacytoma-like post-transplant 

lymphoproliferative disorder 

Outcome Poor Poor Good, progression to PCM in 15% 

Fig. 13.50 Plasmacytoma. Immunoglobulin expression, A Typical plasma cell morphology. B Cytoplasmic kappa light chain positivity. C Absence of lambda light chain expres¬ 

sion. D Expression of cytoplasmic gamma heavy chain. E,F Absence of mu and alpha heavy chains. 
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Fig. 13.51 A The so-called mass effect of plasma cells simulates a neoplasm. B,C Immunoperoxidase staining reveals polytypic cytoplasmic immunoglobulin, with some plasma 

cells expressing kappa light chains (B) and some expressing lambda light chains (C). 

Microscopy 
The morphological features are similar to 

those of SPB. However, in extraosseous 

sites, the distinction between lymphomas 

that exhibit extreme plasma cell differen¬ 

tiation and plasmacytoma can be difficult 

{990), MZL of the mucosa-associated 

lymphoid tissue type, lymphoplasmacytic 

lymphoma, and (possibly) plasmablastic 

lymphoma may be misdiagnosed as plas¬ 

macytoma {990,1742). Distinction from an 

MZL with marked plasma cell differentia¬ 

tion is especially problematic, particularly 

in the skin, upper airway, and gastroin¬ 

testinal tract, and may not be possible by 

morphological assessment. A search for 

areas of a biopsy with lymphocyte prolif¬ 

eration typical of MZL is fruitful in some 

cases. In others, a clonally related lym¬ 

phocyte population may be identified by 

flow cytometry {1742,3609). Distinguish¬ 

ing plasmacytoma from extraosseous 

infiltrates of PCM is impossible by mor¬ 

phology, although extraosseous PCM 

more frequently shows cellular atypia or 

blastic features {2107). The differential 

diagnosis of extraosseous tumours with 

plasmacytic or plasmablastic features is 

detailed in Table 13,14. Rarely, extraosse¬ 

ous plasmacytoma is accompanied by a 

local, occasionally tumour-forming amy¬ 

loid deposit. 

Immunophenotype 
The immunophenotype appears to be 

similar to that of PCM, although certain 

differences may be helpful for diagno¬ 

sis. Extraosseous plasmacytoma usually 

lacks cyclin D1 expression and shows 

less-frequent and weaker positivity for 

CD56 {2107). Immunohistochemistry or 

in situ hybridization for immunoglobulin 

light chains can be useful in distinguish¬ 

ing a monotypic plasmacytoma from pol¬ 

ytypic reactive plasma ceil infiltrates. Ex¬ 

pression of CD20 by lymphocytes within 

the lesion or by the plasmacytoid cells, 

or expression of mu rather than alpha or 

gamma heavy chain, favours a diagno¬ 

sis of lymphoma over plasmacytoma. On 

flow cytometry, the clonal plasma cells of 

lymphomas are more likely than those of 

PCM or plasmacytoma to express CD19 

(positive in 95% vs 10%) and CD45 (in 

91% vs 41%) and to lack CD56 (positive 

in 33% vs 71%) {3609). In some cases, 

extraosseous plasmacytoma and lym¬ 

phoma with extreme plasma cell differen¬ 

tiation cannot be immunophenotypically 

distinguished with certainty. 

Genetic profile 
The genetic features have not been ex¬ 

tensively studied, but appear to be simi¬ 

lar to those of PCM, with the exception of 

a lack of t(11;14)(q13;q32) (IGH/CCA/D1) 

translocations and aberrations of MYC 
{379,384,410). 

Prognosis and predictive factors 
In most cases, the lesions are eradicated 

with local radiation therapy. Regional re¬ 

currences develop in as many as 25% 

of patients, and occasionally there is 

metastasis to distant extraosseous sites. 

Progression to PCM is infrequent, occur¬ 

ring in about 15% of cases {61,662,4335). 

Cases with minimal bone marrow involve¬ 

ment have a higher rate of progression to 

PCM {410,3290). About 70% of patients 

remain disease free at 10 years {989). 

non-specific staining by immunohistochemistry (A,B). Monoclonality is demonstrated by non-radioactive in situ 

hybridization showing absence of kappa (C) and presence of lambda (D) mRNA transcripts. 
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Fig. 13.53 Primary amyloidosis in a patient with plasma cell myeloma. A Gross photograph of a section of heart shows the diffuse enlargement characteristic of amyloid 

deposition, especially in the left ventricle. B,C Bone marrow biopsy of primary amyloidosis showing characteristic pale, waxy amorphous deposits (B) and associated histiocytes, 

often multinucleated, and neoplastic plasma cells (C), 

Monoclonal Immunoglobulin 
deposition diseases 

Definition 
The monoclonal immunoglobulin (Ig) dep¬ 

osition diseases are closely related dis¬ 

orders characterized by visceral and soft 

tissue deposition of aberrant Ig, resulting 

in compromised organ function {190,509, 

913,1627,1906,2163,3234,3300,3626}, 

The underlying disorder is typically a plas¬ 

ma cell neoplasm, or rarely a lymphoplas- 

macytic neoplasm; however, the Ig mole¬ 

cule usually accumulates in tissue before 

the development of a large tumour burden 

{1346,1347}. Therefore, patients typically 

do not have overt myeloma or lymphoma 

at the time of the diagnosis. There are 

two major categories of monoclonal Ig 

deposition diseases: primary amyloidosis 

and light chain and heavy chain deposi¬ 

tion diseases. These disorders appear to 

be ohemically different manifestations of 

similar pathological processes, resulting 

In clinically similar conditions. 

Primary amyloidosis 

Definition 
Primary amyloidosis is caused by a 

plasma cell or (rarely) a lymphoplasma- 

cytic neoplasm in which the monoclonal 

plasma cells secrete Intact or fragments 

of abnormal Immunoglobulin light chains 

that deposit in various tissues and form 

a beta-pleated sheet structure (amyloid 

light chain). The abnormal light chains 

include the N-termlnal (variable) region 

and part of the constant region of the 

light chain {509}. Most light chain vari¬ 

able (V) region subgroups are potentially 

amyloidogenic, but V lambda VI is always 

associated with amyloidosis {509}. The 

amyloid tissue deposits accumulate and 

lead to organ dysfunction {1487). In most 

cases, the diagnostic criteria for plasma 

cell myeloma (PCM) are lacking, but 

there is a moderate increase in monoclo¬ 

nal plasma cells in the bone marrow. 

ICD-0 code 9769/1 

Synonyms 
Immunoglobulin deposition disease; 

systemic light chain disease 

Epidemiology 
The reported annual incidence of primary 

amyloidosis is approximately 1 case per 

100 000 population, and appears to have 

been stable {2163,2168). The median 

patient age at diagnosis is 64 years, and 

>95% of patients are aged >40 years; 

65-70% are male {2163,2166,2168}, Ap¬ 

proximately 20% of patients with primary 

amyloidosis have PCM {1762,2163,2164, 

2168,3626), 

Localization 
Amyloid light chain accumulates in many 

tissues and organs, including the sub¬ 

cutaneous fat, kidneys, heart, liver, gas¬ 

trointestinal tract, peripheral nerves, and 

bone marrow. The diagnostic biopsy site 

is typically the abdominal subcutaneous 

fat pad or bone marrow {2163,3626}. In 

most cases, the monoclonal plasma cell 

proliferation is in the bone marrow. 

Clinical findings are usually related to 

deposition of amyloid in organs and tis¬ 

sues. Early signs of disease include pe- ; 

ripheral neuropathy (present In 17% of ^ 

cases), carpal tunnel syndrome (in 21%), 

and bone pain (in 5%). Symptoms refer- ' 

able to congestive heart failure (present 

in 17% of cases), nephrotic syndrome i 

(in 28%), or malabsorption (in 5%) are 

relatively common {2163}. Physical find¬ 

ings include hepatomegaly in 25-30% 

of patients, macroglossia in about 10%, 

and purpura (most commonly periorbital 

or facial) in about 15% {2163}. Haemor- : 

rhagic manifestations can result from fac- : 

tor X binding to amyloid, fibrinolysis, dis- ' 

seminated intravascular coagulation, and ; 

loss of vascular integrity due to amyloid 

deposition. Oedema is often present in ' 

patients with congestive heart failure or 

nephrotic syndrome {2163}. Splenomeg- : 

aly and iymphadenopathy are uncom¬ 

mon. Radiographical lesions of bone are ' 

restricted to patients with myeloma and ‘ 

amyloidosis. 

Clinical features { 
An M protein is detected in the serum or 

urine by the combination of immunofixa- ; 

tion and serum free light chain ratio in 99% ' 

of patients {1487,1968,2163}. The median 

ooncentration of the serum M protein is 

Fig. 13.54 Primary amyloidosis. Pulmonary blood vessel with amyloid deposition, showing Congo red staining (A) 

and apple-green birefringence in polarized light (B). 
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1.4 g/dL. IgG is most frequent, followed 

by light chain only, IgA, IgM, and IgD; 

the light chain is lambda in 70% of cases 

{1345,2163,4272}. About 20% of patients 

present with hypogammaglobulinaemia 

(2163). Proteinuria is present in >80% 

of patients and nephrotic syndrome or 

renal failure in approximately 30%, with 

serum creatinine >2.0 mg/dL in 20-25% 

of cases (2163). Hypercalcaemia is oc¬ 

casionally found, most often in patients 

with myeloma. 

Macroscopy 
On gross inspection, amyloid has a 

dense so-called porcelain-like or waxy 

appearance. 

Microscopy 
Bone marrow specimens vary from re¬ 

vealing no pathological findings to show¬ 

ing extensive replacement with amyloid, 

overt PCM, or (rarely) involvement with 

lymphoplasmacytic lymphoma. The 

most common finding is a mild increase 

in plasma cells, which may appear nor¬ 

mal or may exhibit any of the changes 

found in myeloma. Amyloid deposits are 

found in the bone marrow in about 60% 

of cases {2163,3159,3843}. Amyloid is 

also present in many other tissues and 

organs. On H&E-stained sections, amy¬ 

loid is a pink, amorphous, waxy-looking 

substance with a characteristic cracking 

artefact. Typically, it is found focally in 

thickened blood vessel walls, on base¬ 

ment membranes, and in the interstitium 

of tissues such as fat and bone marrow 

{3843}. Macrophages and foreign-body 

giant cells may be found around depos¬ 

its. Rarely, organ parenchyma may be 

massively replaced by amyloid. Plasma 

cells may be increased in the adjacent 

tissues. Congo red stains amyloid pink 

to red by standard light microscopy, and 

under polarized light produces a charac¬ 

teristic apple-green birefringence. Con¬ 

go red fluorescence microscopy may 

be a more sensitive method for amyloid 

detection (2503}. Electron microscopic 

studies can differentiate light-chain amy¬ 

loidosis from non-amyloid immunoglobu¬ 

lin deposition diseases. 

It is essential to characterize the amyloid 

type even when there is an associated 

serum or urine M protein. Secondary or 

familial amyloidosis may be incidentally 

present in patients with monoclonal gam- 

mopathy of undetermined significance or 

another plasma cell proliferative disorder 

{788,2182}. Laser microdissection of the 

amyloid in a biopsy specimen and analy¬ 

sis by mass spectrometry is the most ef¬ 

fective method of characterizing amyloid 

type, with nearly 100% sensitivity and 

specificity {4221}. 

Immunophenotype 
The immunophenotypic features of the 

monotypic plasma cells in primary amy¬ 

loidosis are similar to those of PCM. Im- 

munohistochemical staining for immuno¬ 

globulin kappa and lambda light chains 

on bone marrow sections usually shows 

a monoclonal plasma cell staining pat¬ 

tern, but if the clone is small, it may be 

masked by normal polyclonal plasma 

cells {4349,4376}. 

Genetic profile 
The genetic abnormalities reported in pri¬ 

mary amyloidosis are similar to those in 

non-IgM monoclonal gammopathy of un¬ 

determined significance and PCM. One 

exception is the unexplained observation 

that t(11;14) is present in >40% of individ¬ 

uals with amyloidosis but only 15-20% 

of those with non-IgM monoclonal gam¬ 

mopathy of undetermined significance or 

myeloma {484,1231,1594}. Other frequent 

chromosomal abnormalities include 

13q14 deletion and gain of 1q21 {396}. 

Prognosis and predictive factors 
In recent years, the survival of patients 

with primary amyloidosis (especially low- 

stage disease) has greatly improved, but 

prognosis remains poor for those with 

high-stage disease {2131,3502}. The ma¬ 

jor determinant of outcome is extent of 

cardiac involvement. Other indicators of 

higher risk are bone marrow monoclonal 

plasma cells >10%, a high serum free 

light chain level, and elevated beta-2 mi¬ 

croglobulin {2131,2640}. Multiple organ 

involvement and an elevated serum uric 

acid level also have negative prognostic 

significance {1345}. A recently revised 

staging system for primary amyloidosis 

uses two cardiac biomarkers and the 

free light chain level {2131}. Four stages 

are defined by the elevation of 0, 1, 2, or 

all 3 of these parameters. Stages 1 and 2 

are associated with median overall sur¬ 

vivals of 94 and 40 months, and stag¬ 

es 3 and 4 with median overall survivals 

of only 14 and 6 months, respectively 

(2131}. The single most frequent cause of 

death (responsible for -40% of deaths) is 

amyloid-related cardiac disease {2166}. 

Light chain and heavy chain 
deposition diseases 

Definition 
Monoclonal light chain and heavy chain 

deposition diseases are plasma cell or 

(rarely) lymphoplasmacytic neoplasms 

that secrete an abnormal light or (less of¬ 

ten) heavy chain, or both, which deposit 

in tissues, causing organ dysfunction, but 

do not form amyloid beta-pleated sheets, 

bind Congo red stain, or contain an 

amyloid P component. These disorders 

comprise light chain deposition disease 

(LCDD), heavy chain deposition disease 

(HCDD), and light and heavy chain depo¬ 

sition disease (LHCDD) (190,509,510, 

1283,1627,1906,2537,3230,3234,3300}. 

> >• 
• m 

Fig. 13.55 Light chain deposition disease. A Bone marrow biopsy showing patches of pale amorphous material. B Bone marrow aspirate showing numerous plasma cells. 

C Joint fluid aspirate showing clumps of amorphous material and plasma cells, both staining for kappa light chain by immunoperoxidase. 
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Fig. 13.56 Light chain deposition disease in kidney showing (A) pale amorphous patches within glomeruli (nodular 

glomerulosclerosis and (B) Immunofluorescence stain showing renal tubular and extratubular deposition of kappa 

light chain in a smooth linear pattern. 

ICD-0 code 9769/1 

Synonym 
Randall disease 

Epidemiology 
These are rare diseases occurring at a 

median patient age of 58 years (range: 

33-79 years); 60-65% of patients are 
men {509,1906,3230,3234,3542}. There 

is no evidence of an ethnicity effect, 

LCDD is the most common, and fre¬ 

quently occurs in association with plas¬ 

ma cell myeloma (PCM; in 40-65% of 

cases) or in patients with M protein and 

marrow plasma cells at monoclonal gam- 

mopathy of undetermined significance 

levels. Some cases are idiopathic or oc¬ 

cur with a lymphoproliferative disorder 

{510,3230}. 

Localization 
The plasma cell proliferative disorder is 

in the bone marrow. Deposition of aber¬ 

rant immunoglobulin (Ig) may involve 

many organs, most commonly the kid¬ 

neys {3230}. The liver, heart, peripheral 

nerves, blood vessels, and occasionally 

joints may also be involved {366,2641, 

3230}. Diffuse or nodular pulmonary in¬ 

volvement has also been reported {366, 

3420}. There is prominent deposition of 

the aberrant Ig on basement membranes, 

elastic fibres, and collagen fibres. 

Clinical features 
Patients have symptoms of organ dys¬ 

function as a result of diffuse, systemic 

Ig deposits. As many as 96% of patients 

with LCDD present with renal mani¬ 

festations {3230}. Nephrotic syndrome 

and renal failure are the most common 

features {968,3230,3542}. Symptomatic 

extrarenal deposition, which is uncom¬ 

mon in LCDD, involves the heart (in 21% 

of cases), liver (in 19%), and peripheral 

nervous system (in 8%) {366,2641,3230}. 

HCDD of the lgG3 or IgGI isotype results 

in hypocomplementaemia, because the 

lgG3 and IgGI subclasses most readily 

fix complement {1627,1906,2340}, There 

is a detectable M protein in about 85% 

of cases. Kappa deposition is found in at 

least two thirds of cases of LCDD. Gam¬ 

ma deposits are most common in HCDD, 

but alpha deposition has also been re¬ 

ported {2340}. 

Microscopy 
In most cases, bone marrow is involved 

with a plasma cell proliferative disorder, 

most frequently PCM {3230}. Rarely, 

lymphoplasmacytic lymphoma, mar¬ 

ginal zone lymphoma, or chronic lym¬ 

phocytic leukaemia is the associated 

neoplasm {4299}. Deposition of the light 

or heavy chains is most frequently found 

in renal biopsies but can be observed in 

bone marrow and other tissues in some 

cases. 

The aberrant Ig deposits consist of amor¬ 

phous eosinophilic material that is non¬ 

amyloid and non-fibrillary, and does not 

stain with Congo red. In LCDD, renal bi¬ 

opsies typically show nodular sclerosing 

glomerulonephritis. The deposits consist 

of refractile eosinophilic material in the 

glomerular and tubular basement mem¬ 

branes, Immunofluorescence microscopy 

most often identifies kappa chains. A 

hallmark of LCDD is prominent, smooth, 

ribbon-like linear peritubular deposits of 

monotypic Ig along the outer edge of the 

tubular basement membrane. By electron 

microscopy, these deposits are typically 

non-fibrillary, powdery, and electron- 

dense, with an absence of the beta-pleat¬ 

ed sheet structure by X-ray diffraction 

{2340,2537,3230}. in some cases, plasma 

cells are found in the vicinity of Ig depos¬ 

its in visceral organs, but most commonly, 

few if any are present {366,510}, 

Immunophenotype 
LCDD has a high prevalence of kappa 

light chains (80%), with overrepresen¬ 

tation of the V kappa IV variable region 

{510,3230}. Immunohistochemistry on 

bone marrow sections may reveal an ab¬ 

errant kappa/lambda ratio {4349}. 

Genetic profile and pathophysiology 
The genetic profile of cases associated 

with PCM is similar to that of other PCMs, 

The M protein in non-amyloid Ig deposi¬ 

tion diseases has undergone structural 

change due to deletion and mutation 

events {509,510,1906,3234}. In LCDD, 

the primary defect involves multiple muta¬ 

tions of the IG light chain variable region, 

with kappa light chain of V kappa IV type 

notably overrepresented {509,510,3234}. 

In HCDD, the critical event is deletion of 

the CH1 constant domain, which causes 

failure to associate with heavy chain¬ 

binding protein, resulting in premature 

secretion {190,1627,1906,2340,3234}, In 

HCDD, the variable regions also contain 

amino acid substitutions that cause an in¬ 

creased propensity for tissue deposition 

and for binding blood elements {190,509, 

1906}, 

Prognosis and predictive factors 
Older patient age, associated PCM, and 

extrarenal light chain deposition are pre¬ 

dictors of higher risk and unfavourable 

survival {2641,3230}. The median over¬ 

all survival of patients with LCDD varies 

from 4 years to 14 years in one recent 

series {3230,3542}, 

Plasma cell neoplasms with 
associated paraneoplastic 
syndrome 

POEMS syndrome 

Definition 
POEMS syndrome is a paraneoplastic 

syndrome associated with a plasma cell 

neoplasm, usually characterized by fibro¬ 

sis and osteosclerotic changes in bone 

trabeculae, and often with lymph node 

changes resembling the plasma cell vari¬ 

ant of Castleman disease. The POEMS 

acronym stands for polyneuropathy, or¬ 

ganomegaly, endocrinopathy, mono- 
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i 

i clonal gammopathy, and skin changes 

! {1983}, but these components are not all 

j required for diagnosis; in many cases, 

' not all are present. The diagnostic criteria 

I for POEMS syndrome are shown in Ta- 

I ble 13.15 {1001}, 

Synonyms 
, Osteosclerotic myeloma; Crow-Fukase 

syndrome 

Epidemiology 
POEMS syndrome is a rare disease, esti¬ 

mated to account for < 1% of plasma cell 

, neoplasms. Many cases have been re¬ 

ported from Asia. Men are affected more 

I often than women, with a male-to-female 

, ratio of 1.4;1, and the median patient age 

is about 50 years {1006}, 

Etiology 
The etiology and pathogenesis of PO- 

; EMS syndrome are not well understood, 

i but markedly elevated levels of VEGF are 

' present and appear to be an important 

pathogenic factor and to be responsible 

for some of the symptoms {1070,3737, 

4266). The pathophysiological connec¬ 

tion between POEMS syndrome, osteo¬ 

sclerotic myeloma, and Castleman dis¬ 

ease is not clearly defined. A few reported 

: patients, typically with cases associated 

^ with Castleman disease, have been in¬ 

fected with HHV8 {318,1002,2671}. 

Clinical features 
The mandatory criteria for diagnosis of 

POEMS syndrome are a chronic progres¬ 

sive polyneuropathy and a monoclonal 

! plasma cell proliferative disorder. There is 

1 usually an associated M protein of either 

: IgG or IgA type, with lambda light chain 

restriction in almost all cases. The quan¬ 

tity of M protein is typically below mye¬ 

loma levels (median: 1.1 g/dL) {1006), In 

addition, patients must have one or more 

, major and one or more minor criteria (Ta- 

; ble 13.15) {1001,1003,2300}. Two thirds 

I of patients with lymphadenopathy have 

changes consistent with the plasma cell 

' variant of Castleman disease {1006}. 

I Osteosclerotic bone lesions are present 

in >95% of cases {1003,1006}. These 

! vary from single sclerotic lesions (seen 

in about half of patients) to >3 lesions 

(in one third of patients) {1006). Plasma 

i and serum VEGF is’markedly elevated in 

j nearly all cases, and the levels correlate 

{ with disease activity {1003,2300}. Or- 

I ganomegaly, primarily hepatomegaly or 

Table 13.15 Diagnostic criteria for POEMS syndrome; 

adapted from Dispenzieri A {1001} 

Mandatory criteria 

Polyneuropathy (typically demyelinating) 

Monoclonal plasma cell proliferative disorder 

Major criteria (>1 required) 

Castleman disease 

Osteosclerotic bone lesions 

VEGF elevation 

Minor criteria (>1 required) 

Organomegaly 

Endocrinopathy 

Skin changes 

Papilloedema 

Thrombocytosis 

Extravascular volume overload 

splenomegaly, is present in at least half 

of patients, and an endocrinopathy, most 

frequently hypogonadism or thyroid ab¬ 

normality is found in more than two thirds 

of patients. Skin changes occur in more 

than two thirds of cases, most commonly 

hyperpigmentation and hypertrichosis 

{1003,1006,2300). Other relatively com¬ 

mon clinical findings include papilloede¬ 

ma, thrombocytosis, oedema and serous 

cavity effusions, weight loss, fatigue, fin¬ 

gernail clubbing, bone pain, and arthral¬ 

gias. Hypercalcaemia, renal insufficien¬ 

cy, and pathological fractures are rare. 

Microscopy 
The characteristic lesion in bone mar¬ 

row is a single or multiple osteosclerotic 

plasmacytoma. The lesion is composed 

of focally thickened trabecular bone 

with associated paratrabecular fibrosis 

containing entrapped plasma cells. The 

plasma cells may appear elongated due 

to distortion by small bands of connec¬ 

tive tissue. In the bone marrow away from 

the osteosclerotic lesion, plasma cells 

are usually <5%, but can be >50% in 

patients with disseminated disease {867, 

3738). The plasma cells are distributed in- 

terstitially or in small or large clusters, de¬ 

pending on their abundance. Lymphoid 

aggregates rimmed by monotypic or 

polytypic plasma cells are found in half of 

patients. Megakaryocyte hyperplasia in 

clusters and often with atypical morpho¬ 

logical features similar to those seen in 

myeloproliferative neoplasms is frequent¬ 

ly observed {867}, Lymph node biopsies 

commonly reveal features of the plasma 

cell variant of Castleman disease {1006}, 

Immunophenotype 
In most patients with POEMS syndrome, 

a bone marrow monoclonal plasma cell 

population is detectable by flow cytom¬ 

etry or immunohistochemistry, frequently 

in a background of polyclonal plasma 

cells. The neoplastic plasma cells are 

of IgG or IgA type, and are lambda-re¬ 

stricted in almost all cases. The common 

phenotypic aberrancies found in other 

plasma cell neoplasms are also seen in 

POEMS syndrome {867,1006,3738). 

Genetic profile 
The few published studies on the genet¬ 

ics of POEMS syndrome report abnor¬ 

malities similar to those in plasma cell 

myeloma but with different prevalence 

rates {483,1924}. No significant correla¬ 

tions between genetic abnormalities and 

clinical features have been established 

{1924}. 

Prognosis and predictive factors 
In most cases, POEMS syndrome is a 

chronic and progressive disease but 

with a median overall survival as long as 

165 months and a 5-year survival rate of 

60-94% {856,1006,1983,2300). Patients 

with localized plasma cell tumours treat¬ 

ed with radiation therapy fare best, with 

improvement of the paraneoplastic symp¬ 

toms and in some instances apparent 

cure {1003}. Several clinical factors are 

associated with shorter survival, includ¬ 

ing extravascular fluid overload, finger¬ 

nail clubbing, respiratory symptoms, and 

pulmonary hypertension {1003,2300}. 

There are no known genetic findings that 

are predictors of prognosis {1003,1006}. 

TEMPI syndrome 

Definition 
TEMPI syndrome is a paraneoplastic 

syndrome associated with a plasma cell 

neoplasm. The acronym stands for telan- 

giectasias, elevated erythropoietin and 

erythrocytosis, monoclonal gammopa¬ 

thy, perinephric fluid collection, and in- 

trapulmonary shunting. TEMPI syndrome 

is similar to POEMS syndrome in that its 

manifestations appear to result from the 

monoclonal plasma cell proliferation and 

associated M protein. However, the clini¬ 

cal and laboratory findings are mostly 

distinct from those of POEMS syndrome. 

Because TEMPI syndrome is a rare and 

only recently described disease, it is 
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included in the WHO classification as a 

provisional category of plasma cell neo¬ 

plasm {17,2153,2684,3402,3585,3858}. 

Epidemiology 
TEMPI syndrome is a rare disease, with 

only 11 cases reported in the medioal lit¬ 

erature as of mid-2015 (3402}. The laok 

of familiarity with this disease until very 

recently and its propensity to mimic other 

disorders suggest that TEMPI syndrome 

may be underrecognized. The reported 

patient age range is 35-58 years, and it 

occurs in both men and women. 

Etiology 
There is no published information on the 

etiology of TEMPI syndrome. The suc¬ 

cessful results of treatment aimed at 

ablation of the monoclonal plasma cells 

suggest that the monoclonal plasma 

cells and their M protein product play a 

major role in the pathophysiology of the 

disease and its paraneoplastic manifes¬ 

tations {2153,3585}. 

Localization 
The clonal plasma oells producing TEM¬ 

PI syndrome are in the bone marrow. 

Clinical features 
TEMPI syndrome has an insidious onset 

with slowly progressive symptoms, which 

may cause delay in diagnosis. Erythro- 

cytosis seems to be a uniform feature, 

associated with a steadily progressive in- 

orease in erythropoietin to very high levels 

exceeding those produoed by most other 

causes of erythrocytosis. Telangieotasia 

is reported in most cases, prominent on 

the face, trunk, arms, and hands. These 

findings appear to precede development 

of intrapulmonary shunting and hypoxia. 

The perinephric fluid, which collects 

between the kidney and its capsule, is 

clear, serous, and of low protein oontent. 

Spontaneous intracranial haemorrhage 

and venous thrombosis have been re¬ 

ported in some patients {3858}. M protein 

has been present in all reported cases. 

IgG kappa predominates; both IgG and 

IgA lambda have been reported in single 

eases {2153,2684,3402,3858}. In at least 

one patient, the serum free light ohain ra¬ 

tio was skewed {2153}. Unlike in POEMS 

syndrome, VEGF levels are reportedly 

normal {3402}. 

Microscopy 
There are no reported blood or bone 

marrow morphological findings that are 

specific for TEMPI syndrome, but eryth¬ 

rocytosis and a hypercellular marrow due 

to erythrold hyperplasia are recurrent 

findings {3402}. Mild erythroid and meg- 

akaryocytic atypia has been described 

in one patient, and reactive lymphoid ag¬ 

gregates were present in another {3402}. 

Most patients have a percentage of bone 

marrow clonal plasma cells in the range 

of monoclonal gammopathy of undeter¬ 

mined signifioance (< 10%). Two patients 

have been reported to have had >10% 

plasma sells (one diagnosed with smoul¬ 

dering plasma cell myeloma), but no 

case reported to date has fulfilled the 

criteria for the diagnosis of symptomatic 

plasma cell myeloma. Slight plasma sell ; 

atypia is generally present, with promi- , 

nent cytoplasmic vacuolization reported 

in one ease (2153,3402}. 

Immunophenotype 
The monoclonal plasma sell proliferation 

is most eommonly IgG kappa, but both 

IgG and IgA lambda have also been re- j 

ported. There are no detailed descrip- j 

tions of the immunophenotype of the i 

monoclonal plasma sells. j 

Prognosis and predictive factors 
There is insufficient experience with - 

TEMPI syndrome to predict its overall j 

prognosis or risk faotors, but it seems to I 

be an indolent plasma cell neoplasm of j 

low tumour burden, with symptomatology ' 

related to the oonstellation of paraneo- ; 

plastic manifestations. Recognition of the j 

disease and initiation of treatment before ; 

advanoed symptoms develop seems key i 

to successful management. I 

Complete or partial resolution of symp- i 

toms has been achieved through treat- | 
ment with the proteasome inhibitor j 

bortezomib {2153,3585}. A significant j 
decrease in erythropoietin level follow- 1 

ing treatment is one indioator of good i 
therapeutic response {3402}. In at least I 
one case, a bortezomib regimen was j 

followed by autologous stem cell trans- ■ 
plantation, with oomplete remission and | 

resolution of symptoms {3402}. j 
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Extranodal marginal zone lymphoma cookjr MoierHemeink 
of mucosa-associated lymphoid tissue HarsN i 

^ ■ Nakamuras. Swerdlow S.H, 

(MALT lymphoma) 

Definition 
Extranodal marginal zone lymphoma 

of mucosa-associated lymphoid tissue 

(MALT lymphoma) is an extranodal lym¬ 

phoma composed of morphologically 

heterogeneous small B cells including 

marginal zone (centrocyte-like) cells, 

cells resembling monocytoid cells, small 

lymphocytes, and scattered immuno- 

blasts and centroblast-like cells. There 

is plasmacytic differentiation in some 

cases. The neoplastic cells reside in 

the marginal zones of reactive B-cell fol¬ 

licles and extend into the interfollicular 

region as well as into the follicles (follicu¬ 

lar colonization). In epithelial tissues, the 

neoplastic cells typically infiltrate the epi¬ 

thelium, forming lymphoepithelial lesions 

(1044,1782). Thus, MALT lymphomas 

variably recapitulate Beyer’s patch-type 

lymphoid tissue, the prototypical nor¬ 

mal mucosa-associated lymphoid tissue 

(MALT). MALT lymphomas arising at any 

anatomical site share many characteris¬ 

tics, but there are also site-specific differ¬ 

ences with respect to etiology, morpho¬ 

logical features, molecular cytogenetic 

abnormalities, and clinical course (502, 

1044,2140). 

ICD-0 code 9699/3 

Epidemiology 
MALT lymphoma accounts for 7-8% of 

all B-cell lymphomas (1) and for as many 

as 50% of primary gastric lymphomas 

(1016,3275). Most cases occur in adults, 

with a median patient age in the sev¬ 

enth decade of life. Men and women are 

about equally affected, although there 

are site-specific sex differences, with a 

female predominance reported for cas¬ 

es in the thyroid and salivary glands (1, 

1999). There is geographical variability, 

with a higher incidence of gastric MALT 

lymphoma reported in north-eastern Italy 

(1016), and a special subtype called al¬ 

pha heavy chain disease (also known 

as immunoproliferative small intesti¬ 

nal disease) occurs in the Middle East 

(48,4230), the Cape region of South Af¬ 

rica (3239), and a variety of other tropi¬ 

cal and subtropical locations (see Alpha 
heavy chain disease, p. 240). 

Etiology 
In many MALT lymphoma cases, there is 

a history of a chronic inflammatory disor¬ 

der that results in accumulation of extran¬ 

odal lymphoid tissue (called acquired 

MALT). The chronic inflammation may be 

the result of infection, autoimmunity, or 

unknown other stimuli. 

The link between infection and MALT 

lymphoma is most clearly established 

for Helicobacter pylori and gastric MALT 

Fig. 13.57 MALT lymphoma. A Resection specimen of 

a gastric MALT lymphoma. B MALT lymphoma of the 

conjunctiva. 

lymphoma (1199,3954). The continued 

proliferation of gastric MALT lymphoma 

cells from patients infected with H. py¬ 
lori depends on the presence of T cells 

specifically activated by H. pylori anti¬ 

gens and/or direct oncogenic effects of 

H. pylori proteins on B cells (1741,2137). 

The importance of this stimulation in vivo 

has been clearly demonstrated by the 

j Fig. 13.58 Gastric MALT lymphoma. A The tumour cells surround reactive follicles and infiltrate the mucosa. The follicles have a typical starry-sky appearance. B The marginal 

' zone cells infiltrate the lamina propria in a diffuse pattern and have colonized the germinal centres of reactive B-cell follicles. The colonized follicles do not show a starry-sky 

I pattern. 
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Fig. 13.59 MALT lymphoma. A Gastric MALT lymphoma with prominent lymphoepithelial lesions. B Gastric lymph node involved by MALT lymphoma. The tumour cells infiltrate 

the marginal zones and spread into the interfollicular areas. 

induction of remissions in gastric MALT 

lymphomas with antibiotic therapy to 

eradicate H. pylori {4366}, In the first 

study in which the association of gastric 

MALT lymphoma with H. pylori Infection 

was examined, the organism was present 

in >90% of cases {4367}, More recent 

studies, in the era of antibiotic eradica¬ 

tion therapy for /-/.py/or/gastritis, suggest 

that the overall incidence of gastric MALT 

lymphoma Is decreasing, and that a 

much smaller proportion of cases (32%) 

are now associated with H. pylori at dia¬ 

gnosis {2414, 3621}, 

A role for antigenic stimulation by Chla¬ 
mydia psittaci and Borrelia burgdorferi 
has been proposed for some cases of 

ocular adnexal MALT lymphoma and cu¬ 

taneous MALT lymphoma, respectively 

{611,1199,1201}. There is great variation 

in the strength of these associations, 

which might relate in part to geographi¬ 
cal diversity {658,2296,3454}. A similar 

role has been proposed for Campylobac¬ 
ter infection in patients with alpha heavy 

chain disease. 

In other cases, acquired MALT second¬ 

ary to autoimmune disease may serve 

as the substrate for lymphoma develop¬ 

ment {1779}. Autoimmune-based chronic 

inflammation in the form of Sjogren syn¬ 

drome and Hashimoto thyroiditis is known 

to precede salivary gland and thyroid 

MALT lymphomas, respectively. Patients 

with primary Sjogren syndrome have an 

estimated risk of lymphoma 14-19 times 

that of the general population {2319, 

4497}; most lymphomas In patients with 

Sjogren syndrome are MALT lymphomas. 

In patients with Hashimoto thyroiditis, the 

risk of developing lymphoma is 3 times 

that in the general population, and the 

risk of thyroid lymphoma 70 times that 

in the general population, for an overall 

lymphoma risk of 0.5-1.5% {117,1671, 

1959}, Approximately 90% of thyroid lym¬ 

phomas have evidence of lymphocytic 

thyroiditis {957,4265}. 

Localization 
The stomach is the most common site of 

MALT lymphoma, affected in 35% of all 

cases. Other common sites include the 

eyes and ocular adnexa (affected in 13% 

of cases), skin (9%), lungs (9%), salivary 

glands (8%), breasts (3%), and thyroid 

(2%) {1999}, 

Clinical features 
Most patients present with stage I or II 

disease, but 23-40% have involve¬ 

ment of multiple extranodal sites {1905, 

2140}. Staging in patients with multiple 

extranodal lesions may be challenging, 

because at least some cases constitute 

multiple clonally unrelated proliferations 

rather than truly disseminated disease 

{2081}. Making this distinction may not 

be possible in routine practice. A minori¬ 

ty of patients (2-20%) have bone marrow 

involvement {148,3276,3953}. The fre¬ 

quency of bone marrow involvement and 

involvement of multiple extranodal sites 

is higher in non-gastric MALT lymphoma 

than in gastric cases. Generalized nodal 

involvement is rare (reported in <10% of 

cases) {1905,2140,3952}. Piasmacytic 

Fig. 13.60 Morphological spectrum of MALT lymphoma cells. A Neoplastic marginal zone B cells with nuclei resem¬ 

bling those of centrocytes, but with more-abundant cytoplasm. B The cells of this MALT lymphoma have abundant 

pale-staining cytoplasm, resulting in a monocytoid appearance. C Lymphoma cells resembling small lymphocytes. 

There are scattered transformed cells. D Increased number of large cells. 
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Fig. 13.61 MALT lymphoma of salivary gland. A Reactive B-cell follicle is surrounded by neoplastic marginal zone 

cells that invade salivary duct remnants. B Lymphoid cells with pale cytoplasm are present in and around the lym- 

phoepithelial lesions. 

differentiation is a feature of many of the 

cases, and a serum paraprotein can be 

detected in one third of patients with 

MALT lymphoma (4381). 

Microscopy 
The characteristic marginal zone B cells 

have small to medium-sized, slightly ir¬ 

regular nuclei with moderately dispersed 

chromatin and inconspicuous nucleoli, 

resembling those of centrocytes, and 

relatively abundant, pale cytoplasm. The 

accumulation of even more pale-staining 

cytoplasm may lead to a monocytoid ap¬ 

pearance, which is especially common in 

salivary gland MALT lymphomas. Alterna¬ 

tively, the marginal zone cells may more 

closely resemble small lymphocytes. 

Plasmacytic differentiation is present in 

approximately one third of gastric MALT 

lymphomas, is frequently found in cutane¬ 

ous MALT lymphomas, and is a constant 

and often striking feature in thyroid MALT 

lymphomas, in some MALT lymphomas, 

there is a marked predominance of plas¬ 

ma cells, resulting in resemblance to an 

extramedullary plasmacytoma. Cutane¬ 

ous plasmacytomas are diagnosed as 

MALT lymphoma. Amyloid deposition is 

seen in some cases. Large cells resem¬ 

bling centroblasts or immunoblasts are 

usually present, but are in the minority. 

The lymphoma cells infiltrate around re¬ 

active B-cell follicles external to a pre¬ 

served mantle in a marginal zone dis¬ 

tribution, and spread out to form larger 

confluent areas that eventually replace 

some or most of the follicles, often leav¬ 

ing small remnants of germinal centres, 

which can be highlighted by negativ¬ 

ity for BCL2 (1784,1785). The lymphoma 

cells sometimes specifically colonize 

reactive germinal centres; in extreme ex¬ 

amples, this can lead to a close resem¬ 

blance to follicular lymphoma, Lymphoe- 

pithelial lesions, defined as aggregates 

of >3 marginal zone cells with distortion 

or destruction of the epithelium, may be 

seen in glandular tissues, often together 

with eosinophilic degeneration (oxyphilic 

change) of epithelial cells. 

In lymph nodes, MALT lymphoma in¬ 

vades the marginal zone, with subse¬ 

quent interfollicular expansion. Discrete 

aggregates of monocytoid-like B cells 

may be present in a parafollicular and 

perisinusoidal distribution. Cytological 

heterogeneity is still present, and both 

plasmacytic differentiation and follicular 

colonization may be seen. 

MALT lymphoma, by definition, is a lym¬ 

phoma composed predominantly of small 

cells. Transformed centroblast-like or 

immunoblast-like cells may be present 

in variable numbers, but when solid or 

sheet-like proliferations of transformed 

cells are present, the tumour should be 

diagnosed as diffuse large B-ceil lympho¬ 

ma (DLBCL) and the presence of accom¬ 

panying MALT lymphoma noted. The term 

'high-grade MALT lymphoma’ should not 

be used, and the term ‘MALT lymphoma’ 

should not be applied to a DLBCL even if 

it has arisen in a MALT site or is associ¬ 

ated with lymphoepithelial lesions. 

Immunophenotype 
The neoplastic cells of MALT lymphoma 

are CD20-r, CD79a+, CD5-, CD10-, 

CD23-, CD43-r/-, and CD11c+/- (weak). 

Infrequent cases are CD5+, and very rare 

cases are GDI O-i- but BCL6- (2140,3954). 

Staining for CD21, CD23, and CD35 typi¬ 

cally reveals expanded meshworks of 

follicular dendritic cells, corresponding 

to oolonized follioles. The demonstration 

of light chain restriction is helpful in the 

differential diagnosis with reactive hyper¬ 

plasia. Recent reports have highlighted 

IRTA1 as a possible specific marker for 

marginal zone lymphomas, including 

MALT lymphoma, although IRTA1 anti¬ 

bodies are not yet widely available (1137, 

1154). MNDA staining may facilitate the 

differential diagnosis of MALT lymphoma 

versus follicular lymphoma, because this 

nuclear antigen is expressed in 61-75% 

of MALT lymphomas but < 10% of follicu¬ 

lar lymphomas (1922,2645), 

The tumour cells of MALT lymphoma typi¬ 

cally express IgM heavy chains, and less 

Fig. 13.62 Conjunctival MALT lymphoma. Neoplastic marginal zone cells infiltrate 

around a reactive follicle and infiltrate overlying epithelium. 

Fig. 13.63 Pulmonary MALT lymphoma showing a reactive B-cell follicle surrounded 

by neoplastic marginal zone cells that infiltrate bronchiolar epithelium (lower right). 
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Fig. 13.64 MALT lymphoma. Immunohistochemistry 

for CD21 highlights expanded and distorted follicular 

dendritic cell meshworks in this salivary gland MALT 

lymphoma with follicular colonization. 

often IgA or IgG. A notable exception is 

cutaneous marginal zone lymphoma, of 

which two subsets have been described: 

a more common class-switched subset 

(accounting for 75-85% of cases) with 

IgG (including many lgG4-i- cases) or 

IgA expression and usually a T-cell-pre- 

dominant background, and a less com¬ 

mon (15-25% of cases) IgM-i- subset that 

tends to be B-cell-predominant {455, 

1080,4137}. 

Postulated normal counterpart 
A post-germinal centre marginal-zone 

B cell 

Genetic profile 
IG heavy and light chain genes are 

rearranged and show somatic hypermu¬ 

tation of variable regions {1043,3254}. 

There is biased usage of certain IGHV 

gene families at different anatomical 

sites, suggesting antigen-induced clonal 

expansion during the process of lympho- 

magenesis {1905,3954}. 

Chromosomal translocations associated 

with MALT lymphomas include t(11;18) 

(q21;q21), t(1;14)(p22;q32), t(14;18) 

(q32;q21), and t(3;14)(p14.1;q32), result¬ 

ing in the production of a chimeric protein 

(BIRC3-MALT1) and in transcriptional de¬ 

regulation of BCL10, MALT1, and FOXP1, 
respectively {1044,3813}. Trisomy of 

chromosome 3 or 18 (or less commonly 

of other chromosomes) is a non-specific 

but also not infrequent finding in MALT 

lymphomas. The frequencies at which 

the translocations or trisomies occur vary 

markedly with the primary site of disease. 

The t(11;18)(q21;q21) translocation is 

mainly detected in pulmonary and gas¬ 

tric tumours; t(14;18)(q32;q21) in ocular 

adnexa, orbit, and salivary gland lesions; 

and t(3;14)(p14.1;q32) in MALT lympho¬ 

mas arising in the thyroid, ocular adnexa, 

orbit, and skin (Table 13.16). Similarly, 

geographical variability in incidence and 

anatomical site specificity of the translo¬ 

cations has been noted, suggesting dif¬ 

ferent environmental influences, such as 

infectious and other etiological factors 

{3340,3813}. 

Abnormalities of TNFAIP3 on chromo¬ 

some 6q23, which may include deletions, 

mutations, and promoter methylation, oc¬ 

cur in 15-30% of cases, most frequently 

cases lacking specific translocations 

{657,1045,2898}. However, TNFAIP3 
abnormalities are not specific for MALT 

lymphoma, and can be found in many 

types of non-Hodgkin lymphoma {1681), 

MYD88 L265P mutation has been report¬ 

ed in 6-9% of MALT lymphomas {1267, 

2315,2860}, 

Prognosis and predictive factors 
MALT lymphomas have an indolent natu¬ 

ral course and are slow to disseminate. 

Recurrences, which can occur after many 

years, may involve other extranodal sites 

and occur more often in patients with ex- 

tragastric MALT lymphomas than in pa¬ 

tients with primary gastric disease {3276}. 

Cutaneous marginal zone lymphomas 

have a particularly indolent course, with 

5-year survival rates approaching 100% 

{4320}. MALT lymphomas are sensitive 

to radiation therapy, and local treatment 

may be followed by prolonged disease- 

free intervals, involvement of multiple 

extranodal sites and even bone marrow 

involvement do not appear to confer a 

worse prognosis {3953,3954}. 

Protracted remissions may be induced in 

H. py/or/-associated gastric MALT lym¬ 

phoma by antibiotic therapy for FI. pylori 
{2853,4366}. The presence or absence 

of FI. py/on'should be investigated in both 

gastric MALT lymphoma and gastric 

DLBCL, because some primary gastric 

DLBCLs may also respond to antibiotic 

eradication therapy alone {676,1200}. 

Cases with t(11;18)(q21;q21) appear to be 

resistant to H. pylori eradication therapy 

{2366}. Antibiotics have also been used 

to successfully treat selected other MALT 

lymphomas. Transformation to DLBCL 

may occur but is uncommon (reported in 

< 10% of cases) {3953,3954}. 

Table 13.16 Anatomical site distribution and frequency of chromosomal translocations and trisomies 3 and 18 in MALT lymphomas. 

Data summarized according to Streubel B et al. {3812} and Remstein ED et al. {3340} 

Site of disease t(11;18)(q21;q21) t(14;18)(q32;q21) 

Frequency (%) 

t(3:14)(p14.1;q32) t(1;14)(p22;q32) +3 +18 

Stomach 6-26 1-5 0 0 11 6 

Intestine 12-56 0 0 0-13 75 25 

Ocular adnexa/orbit 0-10 0-25 0-20 0 38 13 

Salivary gland 0-5 0-16 0 0-2 55 19 

Lung 31-53 6-10 0 2-7 20 7 

Skin 0-8 0-14 0-10 0 20 4 

Thyroid 0-17 0 0-50 0 17 0 
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Nodal marginal zone lymphoma Campo E. Nathwani B.N, 

Pileri S.A, Stein H. 

Jaffe E.S. Muller-Hermelink 

H.K, 

Definition 
Nodal marginal zone lymphoma (NMZL) 

is a primary nodal B-cell neoplasm that 

morphologically resembles lymph nodes 

involved by marginal zone lymphoma 

(MZL) of the extranodal or splenic types, 

but without evidence of extranodal or 

splenic disease. 

ICD-0 code 9699/3 

Synonyms 
Monocytoid B-cell lymphoma; 

parafollicular B-cell lymphoma (obsolete) 

Epidemiology 
NMZL accounts for only 1.5-1,8% of all 

lymphoid neoplasms, and has an annual 

incidence of 0.8 cases per 100 000 adults 

(106,347,2834). Most cases occur in 

adults, with a median age of ~60 years, 

and the proportion of males and females 

affected is similar (106,4123). This lym¬ 

phoma can also occur in children, and is 

then separately designated as paediatric 

NMZL (3866), A significantly increased 

incidence has been observed among fe¬ 

males with autoimmune disorders (442), 

A relationship to hepatitis C virus infec¬ 

tion has been detected in some studies 

(137,4503), but not in others (442,4046). 

Localization 
NMZL involves peripheral lymph nodes, 

but can also involve the bone marrow 

and occasionally the peripheral blood 

(106,347,2834,4123), 

Clinical features 
Most patients present with asympto¬ 

matic, localized, or generalized periph¬ 

eral lymphadenopathy (137,347). The 

head and neck lymph nodes are more 

frequently Involved (4123). B symptoms 

are present in 10-20% of patients. Bone 

marrow infiltration is seen in one third of 

patients (4123), The presence of a pri¬ 

mary extranodal MZL should be ruled 

out, because approximately one third of 

cases presenting as NMZL in fact con¬ 

stitute nodal dissemination of a MALT 

lymphoma, which is particularly common 

in patients with Hashimoto thyroiditis or 

Sjogren syndrome (542). 

Microscopy 
Lymph nodes demonstrate a small-cell 

lymphoid proliferation that surrounds re¬ 

active follicles and expands into the in- 

terfollicular areas. Follicular colonization 

may be present. In cases with a diffuse 

pattern, follicle remnants may be de¬ 

tected with immunohistochemical stains 

for follicular dendritic cells and germinal 

centre markers. The neoplastic cells are 

composed of variable numbers of mar¬ 

ginal zone (centrocyte-like and monocy¬ 

toid) B cells, plasma cells in some cases, 

and scattered transformed B cells (533, 

2834,2884,4046). Cases with a predomi¬ 

nant monocytoid B-celi population are 

uncommon. Plasma cell differentiation 

may be prominent, and the differential 

diagnosis with lymphoplasmacytic lym¬ 

phoma or even nodal plasmacytoma may 

be difficult. The presence of remnants of 

follicular dendritic cell meshworks sug¬ 

gestive of colonized follicles favours the 

diagnosis of NMZL. Prominent eosino- 

phiiia may be present. Some cases have 

more-numerous large transformed cells 

(sometimes >20%). However, these cells 

are usually mixed with small cells and 

may be more common in the colonized 

germinal centres (2834,4046). Some 

cases mimic splenic MZL, with the neo¬ 

plastic cells being small to medium-sized 

lymphocytes with pale cytoplasm and 

occasional transformed cells growing in¬ 

side an attenuated mantle zone and often 

around a residual germinal centre (542). 

Composite NMZL and Hodgkin lympho¬ 

ma have been reported (4473). 

Bone marrow involvement is usually inter¬ 

stitial or nodular, with an intertrabecular 

or paratrabecular distribution. An intrasi- 

nusoidal infiltration may be seen but is 

less common (437,1757). 

Immunophenotype 
Most NMZLs express pan-B-cell mark¬ 

ers, with CD43 coexpression in 20-75% 

of cases (3486). CD23 is usually nega¬ 

tive, but may be expressed in as many 

as 29% of cases (4123). CD5 expression 

Fig. 13.65 Nodal marginal zone lymphoma. A Reactive follicles are separated by an interfollicular infiltrate of paler-staining cells, B The neoplastic cells have irregularly shaped 

nuclei and moderately abundant pale cytoplasm. Occasional plasma cells and transformed blasts are present. 
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Genetic profile 
The IG genes are clonally rearranged, 

with a predominance of mutated IGHV3 

and !GHV4 family members, in particular 

IGHV4-34 {533,4045). Cases associated 

with hepatitis C virus preferentially use 

IGHV1-69 12499,4123). 

NMZL shares gains of chromosomes 

3 and 18 and loss of 6q23-24 with ex- 

tranodal MZL of mucosa-associated 

lymphoid tissue (MALT lymphoma) and 

splenic MZL. However, deletions in 7q31 

and the recurrent translocations associ¬ 

ated with extranodai MZL are not detect¬ 

ed (443,983,3362,4046). 

Gene expression profiling analysis has 

demonstrated an increased expres¬ 

sion of NF-kappaB-related genes {154). 

MYD88 L265P mutation is usually absent 

but has been detected in occasional cas¬ 

es not specifically associated with plas- 

macytic differentiation (1527,2534,3851). 

Prognosis and predictive factors 
The 5-year overall survival rate is about 

60-70% (137). Advanced patient age, 

B symptoms, and advanced disease 

stage are associated with a worse prog¬ 

nosis {106). However, on a multivariate 

analysis, only the Follicular Lymphoma 

International Prognostic Index (FLIPI) ap¬ 

plied to these patients predicted overall 

survival (137). The proportion of scat¬ 

tered or clustered large cells does not 

appear to be of prognostic significance 

{4046}. However, transformation to dif¬ 

fuse large B-cell lymphoma may occur. 

This diagnosis requires the presence of 

sheets of large cells (2687). 

Paediatric nodai marginai 
zone iymphoma 

Definition 
Paediatric nodal marginai zone lympho¬ 

ma (NMZL) has distinctive clinical and 

morphological characteristics (3866). It 

presents predominantly in males (with a 

male-to-female ratio of 20:1) with asymp¬ 

tomatic and localized disease (stage I in 

90% of cases), mainly in the head and 

neck lymph nodes. Histologically, it is 

similar to adult NMZL, except that there 

are often large follicles with extension 

of mantle zone B cells into the germi¬ 

nal centres, resembling progressively 

transformed germinal centres. The im- 

munophenotype is similar to that of adult 

NMZL, with expansion of the interfollicu- 

Fig. 13.66 Splenic-type nodal marginal zone lymphoma. A At low magnification, note the follicular growth pattern, 

with pale cells that focally surround portions of reactive germinal centres. B The tumour is composed of a prolifera¬ 

tion of small cells growing between a reactive germinal centre and an attenuated mantle zone. C IgD stain shows 

the weak positivity of the tumour cells that surround the negative germinal centre, whereas the residual mantle cells 

are strongly positive. D CD10 stain. The tumour cells are negative, whereas the residual germinal centre is posi¬ 

tive. E BCL2 stain. The tumour cells are positive, whereas the reactive germinal centre is negative. 

may be seen in as many as 17% of tu¬ 

mours, which tend to have more dissemi¬ 

nated disease, although with no impact 

on prognosis (1845,4123). Cyclin D1 is 

negative (4123). Germinal centre mark¬ 

ers (CD10, BCL6, HGAL, and LM02) 

are rarely reported. The coexpression of 

more than one of these germinal centre 

markers in interfollicular areas is very 

unusual and favours the diagnosis of fol¬ 

licular lymphoma (1071). BCL2 is positive 

in most cases (4123). MNDA and IRTA1 

are expressed in 75% of cases, and are 

usually negative in follicular lymphoma 

(394,1922,4123). IgD is usually negative. 

Tumours mimicking splenic MZL have a 

similar phenotype but are usually IgD- 

positive (542). 

Postulated normal counterpart 
A post-germinal centre marginal-zone 

B cell 
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Fig. 13.67 Paediatric nodal marginal zone lymphoma. A These lymphomas commonly exhibit progressive transformation of germinal centres. The atypical cells are found 

primarily in the interfollicular areas and may disrupt the follicles. B IgD stain highlights the disrupted and expanded mantle zone; the tumour cells are IgD-negative. 

lar areas by CD20+ B cells that common¬ 

ly coexpress CD43 {3866), Light chain 

restriction can often be demonstrated by 

immunohistochemistry or flow cytometry 

(3366). IgD staining may help to delineate 

an irregular and expanded mantle zone. 

BCL2 is positive in half of the cases. 

CD10 is usually negative (3272). Staining 

for CD279/PD1 shows numerous positive 

cells in the reactive germinal centres, a 

feature that may help in the differential 

diagnosis with paediatric-type follicular 

lymphoma, in which these cells are less 

numerous and pushed to the periphery of 

the germinal centre (2369,3272). 

Clonal rearrangements of the IGHV re¬ 

gion are detected in almost all cases 

{3366}. Trisomy 18 may be present in 

approximately one fifth of cases, and oc¬ 

casionally trisomy 3 {3366). The progno¬ 

sis of paediatric NMZL is excellent, with 

a very low relapse rate and long survival 

following conservative treatment {3272, 

3866). 

The differential diagnosis with atypical 

marginal zone hyperplasia with mono- 

typic immunoglobulin expression may be 

difficult, because the large cells in this 

condition also express CD43 (183); al¬ 

though this type of hyperplasia has been 

reported in extranodal sites, some cau¬ 

tion is advised because a similar process 

might also occur in the lymph nodes. Par¬ 

ticularly for these reasons, genetic stud¬ 

ies in paediatric marginal zone lympho¬ 

mas are strongly recommended (3866). 

A marginal zone hyperplasia mimicking 

NMZL in head and neck lymph nodes of 

children has been associated with Hae¬ 
mophilus influenzae. The marginal zone 

cells in these cases are IgD-positive 

(2046). 

ICD-0 code 9699/3 
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Follicular lymphoma 

Definition 
Follicular lymphoma (FL) is a neoplasm 

composed of follicle centre (germinal cen¬ 

tre) B cells (typically both centrocytes and 

centroblasts/large transformed cells), 

which usually has at least a partially fol¬ 

licular pattern, Lymphomas composed of 

centrocytes and centroblasts with an en¬ 

tirely diffuse pattern in the sampled tissue 

may be included in this category, but are 

relatively rare at presentation. Progression 

in cytological grade is common during the 

natural history of the disease. A diffuse 

lymphoma composed of centroblasts is 

considered evidence of progression to 

diffuse large B-cell lymphoma (DLBCL). 

Four variants of FL are recognized: (1) in 

situ follicular neoplasia, formerly called FL 

in situ; (2) duodenal-type FL; (3) testicular 

FL; and (4) the diffuse variant of FL. 

Primary cutaneous follicle centre lym¬ 

phomas are separately classified {2242, 

3848}. FL is nearly exclusively a disease 

of adults, and very rarely occurs in pa¬ 

tients aged <18 years. Paediatric-type 

FL, which is a nodal lymphoma that oc¬ 

curs in children and young adults, is con¬ 

sidered a separate entity. 

ICD-0 codes 
Follicular lymphoma 9690/3 

Grade 1 9695/3 

Grade 2 9691/3 

Grade 3A 9698/3 

Grade 3B 9698/3 

Epidemiology 
FL accounts for about 20% of all lympho¬ 

mas. The highest incidence rates are re¬ 

ported in the USA and western Europe. 

In eastern Europe, Asia, and developing 

countries, the incidence is much lower 

{95}, It affects predominantly adults, with 

a median age in the sixth decade of life 

and a male-to-female ratio of 1:1.7 {1}. FL 

is 2-3 times as common in White popula¬ 

tions as in Black populations {1477). Un¬ 

like paediatric-type FL, usual FL rarely 

occurs in individuals aged <18 years. 

Agricultural exposure to pesticides and 

herbicides has been associated with an 

increased risk {33,1257,3678}. 

Etiology 
Individuals with a high environmental 

exposure to pesticides and herbicides 

have increased numbers of cells carrying 

t(14;18)(q32;q21) (IGH/SC/.^) in the pe¬ 

ripheral blood {33}, This may help explain 

the reported increased risk of FL among 

such individuals. 

Localization 
FL predominantly involves the lymph 

nodes, but also involves the spleen, bone 

marrow, peripheral blood, and less com¬ 

monly Waldeyer ring. Any nodal group 

can be involved, but most patients pre¬ 

sent with peripheral lymphadenopathy. 

Pure extranodal presentations are un¬ 

common, The most commonly affected 

extranodal sites include the gastrointes¬ 

tinal tract (often in association with mes¬ 

enteric lymph node involvement), soft 

tissue, breast, and ocular adnexa, FL 

arising in the small intestine, in particular 

the duodenum, has distinctive features 

(duodenal-type FL). 

FLs can occur in almost any extranodal 

site {1203}, in some cases, the morphol¬ 

ogy, phenotype, and genetics are similar 

to those of nodal FL. Flowever, many FLs 

in extranodal sites tend to be of higher 

grade (grade 3), and may lack BCL2 pro¬ 

tein and the BCL2 translocation {3021, 

4148}. 

Clinical features 
Most patients have widespread disease at 

diagnosis, including peripheral and cen¬ 

tral (abdominal and thoracic) lymphad¬ 

enopathy and splenomegaly. The bone 

marrow is involved in 40-70% of cases. 

Only 15-25% of cases are stage I or II 

at the time of diagnosis {1632}. Despite 

widespread disease, patients are usually 

otherwise asymptomatic. B symptoms 

such as fever and weight loss are uncom¬ 

mon, Waxing and waning of the disease 

without therapy is common. The disease 

follows a chronic relapsing clinical course. 

Imaging 
Conventional imaging tools such as CT 

and MRI are useful in assessing the de¬ 
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Fig. 13.68 Follicular lymphoma, lymph node. Vague 

nodules bulge from the cut surface. 

Fig. 13.69 Follicular lymphoma, spleen. The white pulp 

is expanded, vJth multiple pale nodules throughout the 

spleen. The red pulp is unremarkable. 

gree of lymphadenopathy and extent of 

disease. FDG-PET is less useful in as- ! 

sessing disease than in more aggressive 

lymphomas, Flowever, the detection of 

PET-avid disease may be useful in iden¬ 

tifying patients with higher risk for pro¬ 

gression {112}. 

Staging 
The stage of the disease is now deter¬ 

mined using the Lugano classification, 

a modification of the Ann Arbor staging 

system {691}, Assessment of bone mar¬ 

row involvement should be accomplished 

with bone marrow biopsy. Bone marrow | 

aspiration has a lower yield, due to the ji 

difficulty is aspirating cells from the para- 

trabecular lymphoid aggregates. The ! 

designation of a case as A or B (asymp- i 

tomatic or symptomatic) is no longer re- {| 

quired for non-Ffodgkin lymphoma sub- 

types, according to the Lugano system. 

Macroscopy 
The cut surface of lymph nodes involved f 
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by FL displays a vaguely nodular pattern 

that can be seen macroscopically. The 

neoplastic follicles often have a bulging 

appearance. However, reactive follicular 

hyperplasia can display the same pat¬ 

tern. Spleens involved by FL show uni¬ 

form expansion of the white pulp, usually 

with no evidence of involvement of the 

red pulp. 

Microscopy 
Pattern 
Most cases of FL have a predominantly 

follicular pattern, with closely packed 

follicles that efface the nodal architec¬ 

ture, Neoplastic follicles are often poorly 

defined and usually have attenuated or 

absent mantle zones. Unlike in reactive 

germinal centres, where the proportion 

of centroblasts and centrocytes var¬ 

ies in different zones (polarization), in 

FL the two types of cells are randomly 

distributed. Similarly, tingible body mac¬ 

rophages, characteristic of reactive ger¬ 

minal centres, are usually absent in FL. 

In some cases, follicles may be irregular 

and serpiginous, but this growth pattern 

does not constitute progression to a dif¬ 

fuse growth pattern. Staining for follicular 

dendritic cell (FDC) markers (CD21 and/ 

or CD23) can be helpful in highlighting 

the follicular pattern. Interfollicular in¬ 

filtration by neoplastic cells is common 

and does not constitute a diffuse pat¬ 

tern. The interfollicular neoplastic cells 

are often centrocytes that are smaller 

than those in the germinal centres, with 

a less irregular nuclear contour, and 

they may show immunophenotypic dif¬ 

ferences from the cells in the germinal 

centres {1015}. Infrequent cases have a 

so-called floral growth pattern that re¬ 

sembles progressively transformed ger¬ 

minal centres {4004}. 

Spread beyond the lymph node cap¬ 

sule is often associated with sclerosis, 

particularly in mesenteric and retroperi¬ 

toneal locations. With limited sampling 

in small biopsies, it may be difficult to 

appreciate a follicular pattern. A diffuse 

area is defined as an area of the tissue 

completely lacking follicles as evidenced 

by the absence of CD21-i-/CD23-t- FDCs. 

The distinction between an extensive 

interfollicular component and a diffuse 

component is sometimes arbitrary. Dif¬ 

fuse areas composed predominantly of 

centrocytes are not thought to be clini¬ 

cally significant. Nevertheless, it is rec¬ 

ommended that the relative proportions 

Fig. 13.70 Follicular lymphoma. A The neoplastic follicles are closely packed, focally show an almost back-to-back 

pattern, and lack mantle zones. B,C Follicular lymphoma, grade 1-2. B Most of the cells in the field are centrocytes. 

Follicular dendritic cells with so-called kissing nuclei are noted (arrows). C There are <15 centroblasts per high- 

power field. Two centroblasts are noted with arrows. D,E Follicular lymphoma, grade 3A, 

D Both centrocytes and centroblasts are present, but there are > 15 centroblasts per high-power field. Both small and 

large centroblasts are present. E MIB1 antibody staining for Ki-67 highlights both small and large centroblasts and 

indicates a high proliferation rate. 

of follicular and diffuse areas be noted in 

the pathology report as follicular (>75% 

follicular), follicular and diffuse (25-75% 

follicular), or focally follicular / predomi¬ 

nantly diffuse (<25% follicular) {1556}. 

However, the presence of diffuse areas 

composed entirely or predominantly of 

large centroblasts (that would fulfil the 

criteria for grade 3 FL) in FL of any grade 

is equivalent to DLBCL, and a separate 

diagnosis of DLBCL should be made 

{1556} (see Grading). 
Some cases have the morphology and 

immunophenotype of FL but with no evi¬ 

dence of a follicular growth pattern. This 

phenomenon is usually seen in small bi¬ 

opsy specimens, and likely constitutes 

a diffuse area in an FL that was not ad¬ 

equately sampled. A repeat biopsy in the 

same or another site may reveal a follicu- 
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Fig. 13.71 Follicular lymphoma, grade 3B. A The follicle is composed of a uniform population of centroblasts, with no evident centrocytes. B This case was negative 

for CD10 but positive for IRF4/MUM1. Such cases are often negative for the BCL2 translocation {1944}. The border of the neoplastic follicle is shown at lower left. 

C The neoplastic cells show nuclear staining for IRF4/MUM1, but are negative for CD10. 

lar pattern. This situation should be dis¬ 

tinguished from the diffuse variant of FL 

usually lacking the BCL2 rearrangement 

described below. 

Cytology 
FL is typically composed of the two types 

of B cells normally found in germinal cen¬ 

tres. Small to medium-sized cells with an- 

gulated, elongated, twisted, or cleaved 

nuclei; inconspicuous nucleoli; and scant 

pale cytoplasm are called centrocytes. 

Large centrocytes with dispersed chro¬ 

matin and inconspicuous nucleoli may 

also be present. Large cells with usually 

round or oval nuclei, vesicular chromatin, 

1-3 peripheral nucleoli, and a rim of cyto- 

Fig. 13.72 Follicular lymphoma, illustrating follicular 

dendritic cells (FDCs). Two binucleate FDCs are present 

in the centre of the field. The nuclei are round (but with 

flattening of adjacent nuclear membranes) and have 

bland, dispersed chromatin with one small, centrally 

located nucleolus. The cytoplasm is not seen in FI&E- 

stained or Giemsa-stained sections. Centroblasts, 

unlike FDCs, have vesicular chromatin and multiple 

distinct nucleoli that are usually located adjacent to the 

nuclear membranes. 

plasm are called centroblasts. Typically, 

they are >3 times the size of lympho¬ 

cytes, but they may be smaller in some 

cases. Centrocytes predominate in most 

cases; centroblasts are always present, 

but are usually in the minority. The num¬ 

ber of centroblasts varies from case to 

case and is the basis of grading. In some 

cases, neoplastic centroblasts have ir¬ 

regular or multilobed nuclei. Rare cases 

of FL are composed of blastoid-appear- 

ing ceils with dispersed chromatin resem¬ 

bling lymphoblasts {4250). This variant 

appears to have an aggressive clinical 

course, equivalent to grade 3. Unlike in 

reactive germinal centres, polarization is 

usually absent, and starry-sky histiocytes 

are absent or few in number. 

In about 10% of FLs, there are discrete 

foci of marginal zone or monocytoid- 

appearing B cells, typically at the pe¬ 

riphery of the neoplastic follicles (1407, 

2833,4029). These cells are part of the 

neoplastic clone (3374). Plasmacytic dif¬ 

ferentiation can be seen uncommonly. In 

cases with plasmacytic differentiation, 

the plasmacytoid cells have an interfol- 

licular distribution and carry the BCL2 
translocation, indicating they are part 

of the neoplastic clone (1418). Other 

cases resembling FL have intrafollicular 

plasmacytoid cells and lack the trans¬ 

location. Such t(14;18)-negative cases 

might constitute an unusual variant of 

marginal zone lymphoma with follicular 

colonization. 

Bone marrow and blood 
In bone marrow, FL characteristically lo¬ 

calizes to the paratrabecular region and 

may spread into the interstitial areas. A 

follicular growth pattern with a meshwork 

of FDCs can be rarely seen. The morphol¬ 

ogy of the tumour cells most commonly 

resembles that of the neoplastic interfol- 

licular cells in lymph nodes. The same 

cells may be seen in the peripheral blood. 

Diffuse follicular lymphoma variant 
A novel diffuse FL variant is character¬ 

ized by a predominantly diffuse growth 

pattern and consistent absence of the 

t(14;18)(q32;q21) {\G\-\/BCL2) chromo¬ 

somal translocation {1962,3670A}. In all 

cases, small follicles or so-called micro¬ 

follicles are seen, with weak to absent 

BCL2 staining. This particular FL vari¬ 

ant mainly occurs in the inguinal region, 

forming larger tumours, but with little 

tendency to disseminate. The neoplastic 

cells are usually CDIO-positive, and in al¬ 

most all cases express the CD23 antigen 

as well. These cases cluster with typical 

FL by gene expression profiling. A recur¬ 

rent genetic aberration, deletion in 1p36, 

is seen in most cases. These alterations 

are not specific to this variant; the region 

at 1p36, which contains TNFRSF14, is 

also commonly affected in t(14;18)-posi- 

tive FL. 

Testicular follicular lymphoma 
Testicular FLs {1219) are a distinctive 

variant of FL. They are reported with 

higher frequency in children, but are 

also seen rarely in adults {214). They dif¬ 

fer biologically from nodal FL in that they 

lack evidence of the 6CL2 translocation. 

Cytologically they are of high cytologi- 

cal grade, usually grade 3A, but have a 

good prognosis, even without additional 

therapy beyond surgical excision {1608, 

2369,2386). 
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Fig. 13.73 Follicular lymphoma, grade 1-2, with marginal zone differentiation, A At the periphery of the follicles, 

there is a pale rim corresponding to marginal zone differentiation. B The centres of the follicles contain the typical 

mixture of centrocytes and centroblasts. C The cells at the periphery of the follicles are medium-sized cells with 

slightly irregular nuclei and abundant lightly eosinophilic to pale-staining cytoplasm, consistent with marginal zone 

or monocytoid B cells. 

Immunophenotype 
The tumour cells are usually positive for 

surface immunoglobulin (IgM with or 

without IgD, IgG, or rarely IgA), They ex¬ 

press B-cell-associated antigens (CD19, 

CD20, CD22, and CD79a) and are usu¬ 

ally positive for BCL2, BCL6, and CD10 

and negative for CDS and CD43. Some 

cases, that are most commonly grade 3B, 

lack CD10 but retain BCL6 expression 

1424,584,1944,2190,3008,3199). CD10 

expression is often stronger in the folli¬ 

cles than in interfollicular neoplastic cells, 

and may be absent in the interfollicular 

component as well as in areas of margin¬ 

al zone differentiation, peripheral blood, 

and bone marrow (1015,1558). BCL6 is 

frequently downregulated in the inter¬ 

follicular areas and is more variably ex¬ 

pressed than in normal germinal centres. 

Other germinal centre markers, such as 

LM02, GCETI, and HGAL (also called 

GCET2), are positive, but are generally 

not required for routine diagnosis (2634, 

2840,3043). However, they may be use¬ 

ful in the differential diagnosis of EL and 

marginal zone lymphoma with follicular 

colonization. CD5 is expressed in rare 

cases of EL, possibly more frequently in 

those with a floral growth pattern (2313, 

4004). Meshworks of EDCs are present 

in follicular areas (4505) but are usually 

sparser and more irregularly distributed 

than in normal follicles. They may variably 

express CD21 and CD23, so antibodies 

to both antigens may be needed to de¬ 

tect FDC meshworks. 

BCL2 overexpression is the hallmark of 

EL, and BCL2 protein is expressed by 

a variable proportion of the neoplastic 

cells in 85-90% of cases of grade 1-2 

EL, but in <50% of grade 3 ELs (2189). 

In some cases, the apparent absence of 

BCL2 protein is due to mutations in the 

BCL2 gene that eliminate the epitopes 

recognized by the most commonly 

used antibody; however, BCL2 can be 

detected in those cases using antibod¬ 

ies to other BCL2 epitopes (1990,2540, 

3583), BCL2 protein can be useful in dis¬ 

tinguishing neoplastic from reactive folli¬ 

cles, although absence of BCL2 protein 

does not exclude the diagnosis of a EL, 

BCL2 protein is not useful in distinguish¬ 

ing EL from other types of low-grade B- 

cell lymphomas, most of which also ex¬ 

press BCL2. The interpretation of BCL2 

Fig. 13.74 Bone marrow involvement by follicular lymphoma. A At low magnification, paratrabecular lymphoid aggregates are visible. B The cells are small centrocytes. 

Follicular lymphoma 269 



Fig. 13.75 Follicular lymphoma. A B cells are seen in both follicular and interfollicular areas (CD20 stain). B CD3+ T cells are mainly interfoilicular. C CD10+ cells are within the 

follicles and also infiltrate the interfollicular region. In some cases, CD10 is downregulated in the interfollicular zone. D Follicles are strongly positive for BCL2. 

immunostaining in germinal centre cells 

requires caution, because T cells, pri¬ 

mary follicles, and mantle zones normally 

express this protein. 

In addition to FDCs, neoplastic follicles 

contain numerous other non-neoplastic 

cells normally found in germinal centres, 

including follicular T cells (CD3+, CD4+, 

CD57-H, PD1/CD279-r, CXCL13-h) and 

varying numbers of histiocytes. Consist¬ 

ent with the germinal centre phenotype of 

the neoplastic cells, most cases are neg¬ 

ative for IRF4/MUM1. However, a subset 

of FLs negative for CD10 are positive 

for IRF4/MUM1 {1944}. Such tumours 

typically lack the SC/-2 translocation but 

show amplification of BCL6 {1950}. They 

tend to occur in elderly patients and cy- 

tologically are of higher grade (3A or 3B). 

These cases must be distinguished 

from large B-cell lymphoma with IRF4 
rearrangement, which often has at least 

a partially follicular growth pattern {2369, 

3491}, 
The Ki-67 proliferation index in FL gen¬ 

erally correlates with histological grade; 

most grade 1-2 cases have a prolifera¬ 

tion index <20%, whereas most grade 3 

cases have a proliferation index >20%, 

although there is considerable variation 

among studies, probably due to techni¬ 

cal differences in immunostaining {2088, 

2520,3008,4250}, A subgroup of mor¬ 

phologically low-grade FLs with a high 

proliferation index has been described 

{2088,4250}; these cases behaved 

more aggressively than did those with 

a low proliferation index, and similarly to 

grade 3 FL {4250}. Therefore, Ki-67 stain¬ 

ing should be considered as an adjunct 

to histological grading, and its use is 

clinically justified, although not formally 

required at this time. 

Postulated normal counterpart 
The postulated normal counterpart is 

a germinal centre B ceil. In cases with 

t(14;18)(q32;q21), the \GH/BCL2 trans¬ 

location occurs in bone marrow pre- 

B cells; fully malignant transformation of 

these t(14;18)-positive primed cells oc¬ 

curs during (re)entry into the germinal 

centres in secondary lymphoid organs 

{3425,3426}, 

Grading j 
FL is graded by counting or estimat- | 

ing the absolute number of centroblasts 

(large or small) in 10 neoplastic follicles, | 

expressed per high-power (40x mag- I 
nification, 0,159 mm^) microscopic | 

field (HPF) {1820,2485,2835}. At least \ 
10 HPFs within different follicles must be { 

evaluated; these should be representa- f 

tive follicles, not those with the most nu- j 

merous large cells. 

Grade 1-2 cases have a marked pre- I 
dominance of centrocytes, with few I 
centroblasts (grade 1: 0-5 centroblasts ) 

per HPF; grade 2: 6-15 centroblasts ' 

per HPF). As recommended in the 2008 | 

WHO classification, the combined des- || 

ignation of grade 1-2 is preferred, due 

to the lack of clinically significant differ- 

ences between grades 1 and 2, the con¬ 

siderable interobserver variation in grad¬ 

ing, and variations in grade within a given j 

biopsy. 

Grade 3 cases have >15 centroblasts 

per HPF, Grade 3 is further subdivided 

on the basis of the presence or absence 

of centrocytes. In grade 3A, centrocytes 

are still present, whereas grade 3B 
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follicles are composed entirely of large 

blastic cells (centroblasts or immu- 

noblasts). Recent data indicate that 

grade 3B FL differs from other forms of 

FL both biologically and clinically, as dis¬ 

cussed below. If distinct areas of grade 3 

FL are present in a biopsy of an other¬ 

wise grade 1-2 FL, a separate diagnosis 

of grade 3 FL should also be made and 

the approximate percentages of each 

grade reported. Because both pattern 

and cytology vary among follicles, lymph 

nodes must be adequately sampled. Ac¬ 

curate grading cannot be performed on 

fine-needle aspirations and may be dif¬ 

ficult on core needle biopsies. Therefore, 

an excisional biopsy is recommended 

for primary diagnosis. The presence of a 

diffuse component with grade 3 cytology 

always warrants an additional diagnosis 

of DLBCL. 

The vast majority of FLs (80-90% in 

most unselected series) are of grade 1-2 

{4228}. Only a few studies have com¬ 

pared the frequency of grade 3A ver¬ 

sus 3B cases. However, pure grade 3B 

FL is rare, with most cases containing at 

least focal diffuse areas composed main¬ 

ly of centroblasts, constituting DLBCL 

{1963,3008}. 

Grade 3B FL is biologically more closely 

related to DLBCL than to other FLs {1684}. 

Translocations involving BCL2 are rela¬ 

tively rare in such cases {3493}. In addi¬ 

tion, biopsies frequently contain diffuse 

areas composed mainly of centroblasts, 

constituting DLBCL. The natural history 

appears to differ from that of other forms 

of FL. There may be higher short-term 

mortality, but patients in remission after 

anthracycline-based therapy at 5 years, 

are likely cured of disease {4228}. Thus, 

the clinical course resembles that of 

DLBCL. However, some studies have not 

found significant differences between 

grade 3A and 3B FL {3668}. These data 

underscore the often subjective nature of 

grading in FL, with considerable interob¬ 

server variation. 

Genetic profile 
Antigen receptor genes 
IG heavy and light chain genes are re¬ 

arranged; IGV genes show extensive and 

ongoing somatic hypermutation (765, 

3010}. As a result of mutations in the 

complementarity-determining regions, 

a high false-negative rate on IGH PCR 

was observed with older primer sets. 

Multiplex PCR reactions using BICMED-2 

Table 13.17 Follicular lymphoma grading, based on the absolute number of centroblasts per high-power 

(40 X objective, 0.159 mm^) microscopic field (HPF)^ 

Grading Definition 

Grade 1-2 (low grade) 0-15 centroblasts per HPF 

1 0-5 centroblasts per HPF 

2 6-15 centroblasts per HPF 

Grade 3 >15 centroblasts per HPF 

3A Centrocytes present 

3B Solid sheets of centroblasts 

Reporting of pattern Proportion foiiicuiar 

Follicular >75% 

Follicular and diffuse 25-75%^ 

Focally foliicular/predominantly diffuse <25%*" 

Diffuse 0%' 

Diffuse areas containing >15 centroblasts per HPF are reported as diffuse large B-cell lymphoma with 

follicular lymphoma (grade 1-2, grade 3A, or grade 3B)'^. 

® To determine the number of centroblasts per 0.159 mm^ HPF: if using an 18 mm field of view ocular, 

count the centroblasts in 10 fields and divide by 10; if using a 20 mm field of view ocular, count in 8 fields and 

divide by 10 or count in 10 fields and divide by 12; if using a 22 mm field of view ocular, count in 7 fields and 

divide by 10 or count in 10 fields and divide by 15. 

Mention the approximate percentage of each component in the report. 

If the biopsy specimen is small, a note should be added that the absence of follicles may reflect sampling error. 

Table 13.18 Frequency of genetic alterations in follicular lymphoma at diagnosis 

Gene Frequency of alterations (%)^ Predominant type of alteration 

BCL2 85-90 Translocation, mutation 

KMT2D (MLL2) 85 Mutation 

TNFRSF14 45-65 Deletion, mutation 

EZH2 60 Mutation (Y641) 

EPHA7 70 Mutation 

CREBBP 33 Deletion, mutation 

BCL6 45 Translocation, mutation 

MEF2B 15 Mutation 

EP300 10 Deletion, mutation 

TNFAIP3 (also called A20) 20 Deletion, mutation 

FAS 5 Mutation 

TP53 <5 Deletion, mutation 

MYC <5 Translocation, gain 

® Approximate frequency of alterations; some alterations may be subclonal. 

expanded primer sets detect closer to 

90% of IGH VDJ gene rearrangements, 

and clonality detection approximates 

100% when primers detecting IGH DJ 

and light chain gene rearrangements are 

included {1117}. FL undergoes genetic 

evolution over time, which can be linear, 

but in most cases follows a pattern of di¬ 

vergent evolution rather than direct evolu¬ 

tion. FL is associated with the develop¬ 

ment of multiple subclones {1434}. This 

observation has relevance for histological 
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Fig. 13.76 Follicular lymphoma associated with diffuse large B-cell lymphoma (DLBCL). A Neoplastic follicles are present on the right, with a diffuse area on the left. The diffuse 

area consists predominantly of large cells, so a separate diagnosis of DLBCL is made. B Staining for CD21 shows follicular dendritic cell meshworks in the follicles, but not in 

the areas of DLBCL. 

progression in FL, in which transforma¬ 

tion develops in an earlier common pro¬ 

genitor rather than one of the later sub¬ 

clones {1432}. 

Cytogenetic abnornnalitles and 
oncogenes 
FL is genetically characterized by the 

t(14;18)(q32;q21) translocation between 

the IGF! and BCL2 genes. Alternative 

BCL2 translocations to IG light chain 

genes have been reported. The t(14;18) 

translocation is present in as many as 

90% of grade 1-2 FLs (1700,3434). Due 

to the variation in breakpoint regions, 

FISH is more sensitive than PCR-based 

approaches for detecting the transloca¬ 

tion (4094). Caution is advised because 

classic cytogenetics cannot be used to 

distinguish IGH/6CL2 from \G\-\/MALT1 
translocations. FLs negative for BCL2 
rearrangement are more likely to have 

a late germinal centre gene expression 

profile {2259}, but the absence of the 

translocation has no apparent impact 

on prognosis {2258}. However. BCL2 re¬ 

arrangements are much less frequent in 
grade 3B FL {3008). Similarly, testicular 

FL, seen mainly in young boys, is nega¬ 

tive for the BCL2 rearrangement. Abnor¬ 

malities of 3q27 and/or BCL6 rearrange¬ 

ment are found in 5-15% of FLs, and 

have also been reported in testicular FL 

{1219}, 

In addition to t(14;18), other genetic al¬ 

terations are found in 90% of FLs: most 

commonly, loss of Ip, 6q, lOq, and 17p 

and gains of chromosomes 1, 6p, 7, 8, 

12q, X, and 18q {1750,2931,4005}. One 

of the most commonly affected regions is 

1p36, which contains TNFRSF14 {1434}. 

Copy-number alterations, acquired copy- 

neutral LOH, and mutations in TNFRSF14 
are among the most common findings in 

all forms of FL, including the diffuse vari¬ 

ant of FL and paediatric-type FL (2228), 

TNFRSF14 mutations were initially sug¬ 

gested to be associated with an adverse 

prognosis (702), but other studies have 

not confirmed this association {2228}. 

The number of additional alterations 

Increases with histological grade and 

transformation {3508}. Rare cases of FL 

carry t(8;14)(q24;q32) or variants togeth¬ 

er with t(14;18) {185,4214}, and progres¬ 

sion to a high-grade so-called double-hit 

lymphoma may occur, with translocations 

affecting both BCL2and MYC {3082}. 
Gain-of-function mutations in the H3K27 

methyltransferase EZH2 are relatively 

common in FL, and appear to be an 

early event in the evolution of the disease 

{513). Additionally, driver mutations in the 

chromatin regulator genes CREBBP and 

Fig. 13.77 Diffuse large B-cell lymphoma arising in 

follicular lymphoma. The infiltrate is dominated by large 

blastic cells with prominent central nucleoli resembling 

immunoblasts. This case was associated with second¬ 

ary TP53 mutation and overexpression of p53. 

KMT2D (MLL2) play a key role {1435, 

2966). EZH2, KMT2D, and CREBBP 
have all been proposed as possible ther¬ 

apeutic targets. More recently, activating 

somatic mutations in RRAGC have been 

found in approximately 17% of cases 

{2967}. 

Gene expression studies have shown the 

importance of the microenvironment in 

the pathogenesis, evolution, and prog¬ 

nosis of FL {878,1382}. Transformation 

to DLBCL may occur via various genetic 

pathways, including inactivation of TP53 
and CDKN2A and activation of MYC 
{884,1089,2395,3195,3508}. 

Genetic susceptibility 
Genome-wide association studies have 

identified five susceptibility loci for FL 

outside the HLA region {3690}. Consist¬ 

ent with these data, FL has an increased 

incidence in patients with a history of 

lymphoma in first-degree family mem¬ 

bers {2354}. 

Prognosis and predictive factors 
The prognosis of FL is closely related to 

the extent of the disease at diagnosis. 

The FLIPI, a modification of the Interna¬ 

tional Prognostic Index (IPI), is useful In 

predicting outcome (1,2,3720). The FLIPI 

uses five independent predictors of infe¬ 

rior survival: age >60 years, haemoglo¬ 

bin concentration <12 g/dL, elevated 

serum lactate dehydrogenase, Ann Ar¬ 

bor stage lll/IV (disseminated disease 

in the Lugano system), and >4 involved 

nodal areas. The presence of 0-1, 2, 3-5 

of these adverse factors, respectively, 

defines low-risk, intermediate-risk, and 

high-risk disease. Genetic profiling may 

provide additional Information {3094}. 
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Most published studies show a more 
aggressive elinical course for FLs classi¬ 
fied as grade 3, but the use of regimens 
containing doxorubicin and/or rituximab 
may obviate these differences, and re¬ 
quires further study (1252,4228,4293). 
With current therapies, the median sur¬ 
vival for patients with FL of grades 1-3A 
is > 12 years (4228). There are continued 
relapses over time, with no plateau in the 
survival curves. 
Transformation or so-called progression 
usually to DLBCL occurs in 25-35% of 
patients with FL. Rare patients with ini¬ 
tial DLBCL develop a late relapse as FL 
(2249). This sequence is analogous to 
chronic myeloid leukaemia presenting in 
blast-phase crisis. The clinical outcome 
for patients with histological progression 
is better than in past years (4227). FL may 
also progress to a lymphoma resembling 
Burkitt lymphoma or with features inter¬ 
mediate between those of DLBCL and 
Burkitt lymphoma {77,1280,1689,3279}. 
Transformation typically involves addi¬ 

tional genetic abnormalities, in particular 
A4TC translocations; the combination of a 
BCL2 and a MYC rearrangement is as¬ 
sociated with a particularly aggressive 
course (1212,2252,4394,4420); cases 
with this combination should be diag¬ 
nosed as high-grade B-cell lymphoma 
with MYC and BCL2 rearrangements, 
transformed from FL, so-called double¬ 
hit lymphoma. 
Rarely, patients develop B-lymphoblas- 
tic leukaemia/lymphoma, which in the 
cases studied is clonally related to the 
original B-cell tumour (896,1311,2061, 
2121). This form of transformation also 
involves the acquisition of a MYC re¬ 
arrangement in addition to the underlying 
BCL2 rearrangement. However, the term 
‘high-grade B-cell lymphoma with MYC 
and BCL2 rearrangements’ should not 
be used in the setting of lymphoblastic 
transformation. 
FL can relapse as classic Hodgkin lym¬ 
phoma. The association of FL and other 
B-cell lymphomas with classic Hodgkin 

lymphoma provided early evidence for 
the B-cell origin of the Hodgkin/Reed- 
Sternberg cell (1825). Genetic studies 
identified the 6CL2translocation in cases 
of classic Hodgkin lymphoma associated 
with FL (2244) and established a com¬ 
mon clonal identity for the two morpho¬ 
logically different neoplasms (486). 
Rarely, the occurrence of histiocytic or 
dendritic cell sarcoma has been de¬ 
scribed in patients with FL, in which the 
sarcomas also had the IGH and BCL2 
rearrangements. However, the histiocytic 
cells show loss of PAX5 activity and loss 
of all B-cell markers (1172). Genetic stud¬ 
ies show that the histiocytic sarcoma 
and the FL both arise from a common 
precursor, rather than constituting dedif¬ 
ferentiation of the mature FL B cell (479). 
However, this preoursor is beyond the 
haematopoietic stem cell level, and has 
already undergone IG rearrangement. 
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In situ follicular neoplasia 

Definition 
in situ follicular neoplasia (ISFN), for¬ 

merly referred to as follicular lymphoma 

in situ {789}, is defined as partial or total 

colonization of germinal centres by clonal 

B cells carrying the BCL2 translocation 

characteristic of FL in an otherwise re¬ 

active lymph node. It can also be seen 

in reactive follicles in lymphoid tissue in 

other sites, including the spleen. ISFN 

is biologically similar to the presence of 

cells carrying the BCL2 rearrangement 

found in the peripheral blood of otherwise 

healthy individuals by PCR amplification 

for BCL2 rearrangement {2479}, referred 

to as FL-like B cells. Both FL-like B cells 

and ISFN have been described in the 

same patient {703}. ISFN may be seen 

uncommonly in patients with overt FL at 

another site or subsequently. In the few 

such cases studied, there have been dif¬ 

ferences in the genetic profiles of the two 

lesions, suggesting that in at least some 

cases the ISFN lesion does not simply 

constitute secondary spread of FL from ICD-0 code 9695/1 

Fig. 13.78 In situ follicular neoplasia in the lung. A Lung resection was performed for adenocarcinoma. 
A focal peribronchial lymphoid infiltrate was noted. B One of the follicles shows centrocytes strongly positive for 
BCL2 within the germinal centre (arrow). 

another site {3568}. ISFN should be dis¬ 

tinguished from lymph nodes showing 

only partial involvement by FL. Although 

patients with partial involvement tend to 

have lower-stage disease, partial involve¬ 

ment is considered a form of FL for clini¬ 

cal purposes {21}. 

Synonyms 
Intrafollicular neoplasia; follicular 

lymphoma in situ 

Epidemiology 
ISFN can be detected in approximately : 

2% of randomly selected reactive lymph 

node biopsies {353,1610}. Epidemic- ; 

logical studies have shown that FL-like ; 

B cells are more commonly found in pa- i 

tients with increased environmental risk, ■ 
such as prolonged exposure to herbi- , 

cides and pesticides {33}. FL-like B cells ; 

can be detected in as many as 70% of ; 

adults aged >50 years. The incidence of i 

this finding increases with age, and is un- ; 

common in individuals aged <18 years, | 

in whom FL is rare {1076,3424}. Some 

cases of ISFN are discovered incidentally ; 

in lymph nodes involved by other forms of | 

lymphoma, most often other B-cell lym¬ 

phomas {353,1848,2698,3184}. ISFN has | 

also been observed in lymph nodes from I 
nodal dissections performed in connec- ‘ 

tion with surgery for other cancers {353, 

2747), In patients with subsequent FL, ! 

the in situ lesion preceded the lymphoma ' 

diagnosis by 23 months to 10 years, ; 

Microscopy 
ISFN is generally not apparent in rou- ; 

tine FI&E-stained sections {789}. Lymph ■ 
nodes contain reactive follicles with well- 

formed germinal centres. The affected ^ 

follicles are similar in size and shape to 

adjacent uninvolved follicles, although 

on close inspection closely packed cen- - 

trocytes may be appreciated. The lesion 

can also be seen in reactive follicles in : 

extranodal sites, i.e, any location where 1 

reactive follicles are identified. ISFN is 

distinct from partial involvement by FL, 

Fig. 13.79 In situ follicular neoplasia. A The lymph node is unremarkable, with preserved nodal architecture, 
B CD20 staining shows a normal distribution of follicles. C BCL2 staining highlights strongly positive centrocytes 
within the affected germinal centre. D The atypical cells show strong staining for CD10. 
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Fig. 13.80 In situ follicular neoplasia. A The lymph node architecture is preserved, with CD20-positive cells present in follicles. B Several germinal centres contain strongly 
BCL2-positive cells. C The BCL2-positive follicles are strongly CDIO-positive. 

in which only selected follicles within 

a lymph node may be involved {1848). 

Partial involvement can usually be sus¬ 

pected based on H&E-stained sections, 

whereas ISFN can only be observed 

with subsequent immunohistochemical 

stains. Partial involvement is associated 

with lower-stage disease (21), but pro¬ 

gression can occur. 

ISFN may be detected in lymph nodes 

involved by other forms of lymphoma, 

most often other lymphomas of B-celi 

lineage, which include chronic lympho¬ 

cytic leukaemia, mantle cell lymphoma, 

marginal zone lymphoma, diffuse large 

B-cell lymphoma, and classic Hodgkin 

lymphoma {1848,2698,3184}, ISFN has 

also been reported to coexist in the 

same anatomical site with in situ man¬ 

tle cell neoplasia {3428}. Activation- 

induced cytidine deaminase is involved 

in initiating chromosomal breaks that 

lead to both the t(14;18) and the t(11;14) 

translocations, which is suggestive of 

Follicle size normal 

Involved follicles widely scattered 

Mantle cuff intact, with sharp border to germinal 

centre 

BCL2 and CD10 immunostaining very strongly positive 

Composed almost exclusively of centrocytes 

Atypical cells confined to the germinal centre 

common molecular mechanisms {1457}. 

Immunophenotype 
ISFN can only be detected by immuno- 

histochemistry for BCL2, and is gener¬ 

ally not suspected on H&F staining. The 

BCL2-positive cells are exclusively cen¬ 

trocytes, and BCL2 is very strongly ex¬ 

pressed, with a higher intensity than in 

adjacent T cells or mantle zone cells. The 

BCL2-positive centrocytes also show 

increased expression of CD10. Flow cy¬ 

tometry may demonstrate CDIO-positive, 

BCL2-positive, light chain restricted 

B cells, often in the presence of more 

numerous other CDIO-positive or CD10- 

negative B cells {3184}, 

Genetic profile 
ISFN cells are positive for t(14;18), but 

are found to have very few other ge¬ 

netic aberrations when examined by ar¬ 

ray comparative genomic hybridization 

{2480,3568}, suggesting that this is a 

Follicle size often expanded 

Involved follicles grouped together 

Mantle cuff often attenuated or with 

blurred border to germinal centre 

BCL2 and CD10 immunostaining more variable 

in intensity 

Composed of centrocytes and few centroblasts 

Atypical cells (CD10+, BCL2+) may be found 

outside the germinal centre 

very early step in lymphomagenesis. In 

addition to the SCL^translocation, muta¬ 

tions in EZ/-/2 (Y641) were also reported 

{3568). Deletions at 1p36 encompass¬ 

ing the TNFRSF14 gene have also been 

seen {2480}. This aberration is com¬ 

mon to many B-cell lymphomas. Lymph 

nodes showing partial involvement by FL 

have also been found to have a relatively 

low level of genomic alterations {2480, 

3568). In cases in which ISFN and overt 

FL are seen in the same patient, there 

are additional genetic alterations in the 

FL that are not present in the ISFN {414, 

3568). Some of these secondary events 

lead to mutations in BCL2, resulting in 

negative staining of the FL with the com¬ 

monly used clone 124 antibody to BCL2 

(414,1848). 

Prognosis and predictive factors 
For patients with incidentally diagnosed 

ISFN and no other evidence of FL on 

clinical evaluation, the risk of subse¬ 

quent FL is very low (< 5%) {353,1848}. 

Most studies have not found that the 

number of follicles involved within a sin¬ 

gle lymph node showing ISFN predicts 

the subsequent risk of lymphoma {1848, 

3184). High levels of FL-like B cells in the 

peripheral blood are associated with an 

increased risk of subsequent FL {3425}, 

but levels so low that the cells can only 

be identified with multiple rounds of PCR 

amplification carry no increased risk. For 

patients with other sites of lymphadenop- 

athy at presentation with ISFN, additional 

biopsy is recommended, because other 

forms of lymphoma (usually B-cell lym¬ 

phomas) may exist with ISFN {353,1288, 

1848,3184). 

Table 13.19 Histological features distinguishing in situ follicular neoplasia (ISFN) from partial involvement by follicular 

lymphoma (FL). Modified from Jegalian AG et al, {1848} 
c 
f In situ follicular neoplasia Partial involvement by FL 
li. 

Nodal architecture intact Altered architecture evident on H&E staining 
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phoma of mucosa-associated lymphoid tissue (MALT lymphoma), and nodal follicular lymphoma (nodal FL). The 

gene expression pattern of DFL is closer to that of Helicobacter-assoc\ate6 gastric MALT lymphoma than to that 
of nodal FL. DFL and MALT lymphoma both show high expression of CCL20 and MADCAM1, which are expressed 

at low levels in nodal FL. In contrast, for the BCL gene family, DFL and nodal FL show similar patterns, which are 
distinct from that of MALT lymphoma. These data were compared with data from 17 normal control samples: 5 normal 

duodenal mucosa (yellow), 8 nodal reactive lymphoid hyperplasia (green), and 4 normal gastric mucosa (vermilion) 
samples. {3879}. 

Definition 
Most cases of primary follicular lympho¬ 

ma (FL) in the gastrointestinal tract occur 

in the small intestine, usually with involve¬ 

ment of the duodenum (2675,3530,3648, 

4439). Duodenal-type FL is a specific 

variant of FL defined by distinctive clinical 

and biological features. The lesions are 

predominantly found in the second por¬ 

tion of the duodenum, presenting as mul¬ 

tiple small polyps, often as an incidental 

finding on endoscopy performed for other 

reasons (3564). The immunophenotype is 

similar to that of nodal FLs. Most patients 

have localized disease (stage IE or HE), 

and survival appears to be excellent even 

without treatment. Surveillance of the 

small bowel in patients with duodenal- 

type FL reveals involvement of the more 

distal small intestine in approximately 

80-85% of cases (3564,3876). 

Cases not exhibiting the typical features 

of duodenal-type FL should be evaluated 

for evidence of FL at other sites. Classic 

FL can involve the intestine, usually In as¬ 

sociation with involvement of mesenteric 

lymph nodes. Such cases lack the indo¬ 

lent clinical features of the duodenal-type 

variant (2676). They usually show more- 

extensive involvement of the intestinal 

wall, with infiltration into the muscularis 

propria. They show variation in cytologi- 

cal grade (similar to that seen in nodal 

FL) and are distinct from duodenal-type 

FL (3648). 

ICD-0 code 9695/3 

Synonym 
Primary intestinal follicular lymphoma 

Epidemiology 
Most patients are middle-aged, with an 

equal male-to-female ratio in most large 

series (2732,3564). Several large series 

have been reported from Japan, but it is 

not clear that this reflects an increased 

incidence; it could instead be a result of 

increased surveillance by endoscopy in 

this population (1802,2732). 

Microscopy 
Duodenal-type FL demonstrates neo¬ 

plastic follicles in the mucosa/submuco¬ 

sa. The atypical follicles are composed 

almost uniformly of centrocytes (with 

only infrequent centroblasts), constituting 

grade 1-2 disease in the grading system 

for nodal FL. The neoplastic cells also in¬ 

filtrate the lamina propria outside of the 

follicles, a feature best illustrated with im- 

munohistochemical staining. 

Fig. 13.82 Duodenal-type follicular lymphoma. Large nodules of lymphoid cells are present in the mucosa (A). The follicles are uniformly positive for BCL2 (B) and positive for 
CD10(C). 
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Fig. 13.83 Duodenal-type follicular lymphoma. A This duodenal polyp was an incidental finding in a patient undergoing screening endoscopy. Another similar polypoid lesion 

was observed. B CD20 stain. Note the extension of the infiltrate into the lamina propria. C The cells are strongly positive for CD10. D The cells are intensely BCL2-positive. E 

CD3 stain. Few T cells are present surrounding the abnormal follicle. F CD21 stain shows that the follicular dendritic cells are few in number and mainly located in the periphery 
of the lymphoid infiltrate. 

Immunophenotype 
The immunophenotype of duodenal-type 

FL is similar to that of nodal FL. The cells 

are positive for CD20, BCL2, and CD10, 

with variable expression of BCL6 (3564). 

The proliferation rate is generally low, The 

cells are negative for activation-induced 

cytidine deaminase {3878), which plays a 

key role in class switching and in somatic 

hypermutation in normal and neoplastic 

B cells. Follicular dendritic cells (as iden¬ 

tified by CD21) are usually restricted to 

the periphery of the follicle {3878}. The 

cells express the intestinal homing re¬ 

ceptor alpha4beta7 {328}. Consistent 

with the intestinal origin of the neoplas¬ 

tic cells, they usually express IgA heavy 

chain. 

Postulated normal oounterpart 
A B cell that expresses germinal centre 

markers and has features of a memory 

B ceil {3878} 

Genetic profile 
The cells carry the t(14;18)(q32;q21) 

{\G\-\/BCL2) translocation. They are 

thought to be memory B cells and show 

evidence of somatic hypermutation of the 

IGFI gene {3877}. Restricted IGFIV usage 

suggests similarities to MALT lymphomas 

{3879}. Gene expression studies have 

also suggested an overlap with MALT 

lymphoma, showing overexpression of 

CCL20 an6 MADCAM1, genes that were 

not found to be upregulated in nodal FL 

{3879}. A study using array comparative 

genomic hybridization showed that al¬ 

though duodenal-type FL is positive for 

the IGH/SC/-^ translocation, it has a low¬ 

er frequency of other genetic aberrations 

than does nodal FL, consistent with its in¬ 

dolent clinical course and low incidence 

of progression {2480}. However, in com¬ 

mon with nodal FL, recurrent deletion of 

chromosome Ip was observed, encom¬ 

passing the TNFRSF14 gene, as well as 

mutations in TNFRSF14 exons {2480}, 

The same study identified a limited set 

of amplified oncogenes {BCL2, BCL6, 
FGFR1, EIF4A2, and TFRC) and deleted 

tumour suppressor genes {PTEN, FAS, 
and TP73) in some oases of duodenal- 

type FL {2480}. These aberrations are 

also found in nodal FL. 

Prognosis and predictive factors 
Long-term survival is excellent, even 

with local recurrences in the intestine 

{2732,3564}. There is a low (<10%) risk 

of progression to nodal disease. Various 

therapies have been used, including lo¬ 

cal radiation therapy, chemotherapy, 

and rituximab. Given the indolent clinical 

course, a watch-and-wait approach is 

reasonable for most patients {1288,3564, 

3903}. 
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Paediatric-type follicuiar lymphoma 

Definition 
Paediatric-type follicular lymphoma 

(PTFL) is an uncommon nodal follicular 

lymphoma (FL) that occurs primarily in 

children and young adults, but also oc¬ 

curs sporadically in older individuals 

12369,2400). This term should not be 

used for cases with areas of diffuse large 

B-cell lymphoma (DLBCL) or other lym¬ 

phomas of follicle centre derivation that 

occur in the paediatric age group, in 

particular, this category does not include 

testicular FLs {1219,2386} or large B-cell 

lymphomas with IRF4 rearrangement, 

which often have a follicular or partially fol¬ 

licular growth pattern {2369,3491). PTFL 

most often involves lymph nodes of the 

head and neck, and usually presents with 

stage I disease. The median age at onset 

is 15-18 years, with only rare cases pre¬ 

senting in patients aged >40 years. The 

male-to-female ratio is >10:1. Cytological- 

ly, the lesions appear to be of high grade, 

most often with a high proliferation rate, 

but the prognosis is excellent, and many 

patients achieve continuous complete re¬ 

mission following only complete surgical 

excision of the affected lymph node. The 

usual translocations found in other B-cell 

lymphomas of germinal centre origin (i.e. 

of BCL2an6 BCL6) are absent. 

ICD-0 code 9690/3 

Epidemiology 
There are no known risk factors and no 

known associations with immunodefi¬ 

ciency or autoimmune disease. Most 

patients are aged 5-25 years. There is 

a marked male predominance, with a 

male-to-female ratio of >10:1. 

Localization 
Most patients present with enlarged 

lymph nodes in the head and neck region 

(i.e. the cervical, submental, subman¬ 

dibular, postauricular, and periparotid 

nodes) {2369,2400}. The inguinal and 

femoral lymph nodes are less often the 

presenting site. Virtually all patients pre¬ 

sent with isolated peripheral lymphade- 

nopathy, without involvement of the para¬ 

aortic or mesenteric lymph nodes. 

Clinical features 
Most patients present with isolated, 

asymptomatic lymph node enlargement. 

Occasional cases of FL in children have 

been reported with more extensive dis¬ 

ease or focal progression to DLBCL 

{2393,2524}. However, these reports did 

not use the current WHO definition of 

PTFL, and at least some of the reported 

cases had significant genetic or immu- 

nophenotypic differences from PTFL as 

it is currently defined {1817}. In clinical 

practice, cases with areas of DLBCL or 

disseminated disease are excluded from 

this category. 

Imaging 
Imaging studies confirm the localized na¬ 

ture of the disease, with absence of radi¬ 

ological evidence of mediastinal or intra¬ 

abdominal lymph node involvement. 

Staging 
The vast majority of patients present with 

a single site of lymph node enlargement. 

Bone marrow involvement has not been 

reported. B symptoms such as fever and 

weight loss are absent. 

Jaffe E.S. 

Harris N.L. 

Siebert R. 

Microscopy 
Lymph node architecture is totally or sub- | 

totally effaced by large expansile follicles, | 

often with a serpiginous growth pattern. I 

Partial involvement can be seen, with 

a rim of normal node at the edge of the 

biopsy. On low-power magnification, the 

follicles show a starry-sky pattern and thin i 
or absent mantle zones. In some cases, | 

evidence of marginal zone differentiation I 

may be seen peripheral to the neoplastic : 

follicles. The cellular composition is typi- : 

cally monotonous; the atypical cells are 

intermediate in size, often have a blastoid j 

appearance, and lack prominent nucleoli ^ 

{2369}. Mitotic figures are readily appar- j 

ent. Some cases contain more typical } 

centroblasts. Areas of DLBCL preclude ; 

the diagnosis of PTFL. Historically, most ) 

cases have been reported as grade 3A i 

or 3B {2393,2997}, but grading is not typi- j 

cally used, unlike for usual FL. ‘ 

Immunophenotype 
The cells have a mature B-cell pheno¬ 

type and are positive for CD20, CD79a, i 

and PAX5. CD10 is usually strongly ex- ; 

pressed, and BCL6 is positive. Most 

cases are negative for BCL2 expression, j 

but weak staining is seen in a minority of 

cases. Ki-67 staining usually reveals a 

Table 13.20 Primary diagnostic criteria for paediatric-type follicular lymphoma (PTFL) 

Morphology At least partial effacement of nodal architecture (required) 

Pure follicular proliferation (required)® 

Expansile follicles^ 

Intermediate-sized so-called blastoid cells (not centrocytes)'’ 

BCL6 positivity 

BCL2 negativity or weak positivity 

High proliferative fraction (>30%) 

No 6CL2, 6C/.6, /RF4, or aberrant IG rearrangement 

No BCL2 amplification 

Nodal disease (required) 

Stage l-ll disease (required) 

Patient age <40 years'’ 

Marked male predominance 

® The presence of any component of diffuse large B-cell lymphoma or advanced-stage disease excludes PTFL 
'’ These are common features of PTFL, but not required for diagnosis. 

Immunohlstochemlstry 
(required) 

Genomics 
(required) 

Clinical features 
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( Fig. 13.84 Paediatric-type follicular lymphoma. A The follicles are large and lack mantle zones. No polarization is evident, and the cellular composition is monotonous. B High- 

• magnification view shows that the follicles are composed of monotonous, medium-sized lymphoid cells. Abundant starry-sky histiocytes are present. C CD20 stain. The follicles 

f are closely packed. D IgD stain. The mantle zones are attenuated. E Serpiginous follicles are strongly CD10-positive. F BCL2 protein is negative in the neoplastic follicles. 

f 

I moderate to high proliferation rate (>30% 

I of follicular cells), usually without evi- 

I dence of polarization in the follicles. The 

f follicular dendritic cell markers (CD21 

I and CD23) outline meshworks within the 

! follicles. IgD Is negative and shows el- 

I ther absent or attenuated mantle cuffs. 

! IRF4/MUM1 Is negative; strong positivity 

I should raise the possibility of large B-cell 

lymphoma with IRF4 rearrangement. 

I Plasma cells are sparse; an abundance 

i of plasma cells raises the possibility of re- 

■ active hyperplasia. Flow cytometry iden- 

! titles a monotypic population of B cells 

positive for CD10 and negative for CDS. 

Flowever, rare cases of florid follicular 

hyperplasia, most commonly in young 

boys, can have clonal populations of 

CDIO-t- B oells detected by flow cytom¬ 

etry that are usually small, with monoclo- 

nality in IG rearrangement studies 12145). 

Architectural effacement is a key feature 

that distinguishes PTFL from reactive fol¬ 

licular hyperplasia with clonal B cells. 

Postulated normal counterpart 
A germinal centre B cell 

Grading 
Although most cases would meet the cri¬ 

teria for grade 3 FL, grading is not used if 

the criteria for the diagnosis of PTFL are 

met. 

Genetic profile 
PCR techniques for the detection of 

IG gene rearrangements are positive, 

which is helpful in ruling out many, but 

not all, cases of florid follicular hyper¬ 

plasia (2145). Aberrations affecting the 

BCL2, BCL6, or IRF4 loci are absent. PT- 

FLs generally lack mutations in KMT2D 
{MLL2), CREBBP, and EZFI2, genes fre¬ 

quently mutated in usual FL (1435,2966), 

including cases negative for BCL2 
rearrangements {2400A,3567A). The 

most common genetic aberrations are 

deletion at 1p36 and deletions or muta¬ 

tions affecting TNFRSF14 {2400A,2524, 

3567A). MAP2K1 mutations are identi¬ 

fied in approximately 40-50% of cases 

{2400A,3567B). 

Prognosis and predictive factors 
The prognosis is excellent. Most data 

indicate that patients with localized dis¬ 

ease amenable to surgical excision do 

not require radiation or chemotherapy 

(176,2400). In one study, there was no 

difference in clinical outcome between 

patients with and without genetic aber¬ 

rations (2524); however, most of the pa¬ 

tients received multiagent chemotherapy. 

Areas of DLBCL exclude the diagnosis 

of PTFL as it is currently defined (2997). 

The diagnosis should be made with cau¬ 

tion in patients aged > 25 years, because 

the differential diagnosis with usual FL of 

grade 3A or 3B can be challenging. Cor¬ 

relation with clinical features is essential 

in older patients. 
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Large B-cell lymphoma with 
IRF4 rearrangement 

Pittaluga S. 

Harris N.L. 

Siebert R. 

Salaverria i. 

Fig. 13.85 Large B-cell lymphoma with IRF4 rearrangement. Low-magnification view of tonsil shows large abnormal 

follicles. Residual reactive germinal centres are visible at lower left. 

Fig. 13.86 Large B-cell lymphoma with IRF4 rearrangement. Monotonous proliferation of medium-sized to large 
cells which appear distinct from both typical centrocytes and centroblasts and that lacks a starry-sky pattern. 

Definition 
Large B-cell lymphoma (LBCL) with IRF4 
rearrangement is an uncommon subtype 

of LBCL that can be entirely diffuse, fol¬ 

licular and diffuse, or entirely follicular. 

It is characterized by strong expression 

of IRF4/MUM1, usually with IRF4 re¬ 

arrangement. It occurs primarily in chil¬ 

dren and young adults, with predomi¬ 

nantly Waldeyer ring or head and neck 

lymph node involvement {2369,3491}. 

Despite its common occurrence in the 

paediatric age group, it is distinct from 

paediatric-type follicular lymphomas, 

even when purely follicular (2369,2400). 

ICD-0 code 9698/3 

Epidemiology 
LBCL with IRF4 rearrangement is rare, 

accounting for just 0.05% of diffuse 

LBCLs. The patient age range at presen¬ 

tation is 4-79 years, with a median age 

of 12 years and an equal sex distribution. 

This entity is significantly more frequent 

in children (individuals aged <18 years) 

than in adults (P<0.001) {3491}. 

Localization 
Most patients present with enlarged 

lymph nodes of the head and neck re¬ 

gion. The Waldeyer ring is also a frequent 

site of disease. Another reported site of 

involvement is the gastrointestinal tract 

{898,2369,3491}. 

Clinical features 
Most patients present with isolated lymph 

node or tonsillar enlargement (stage l-ll) 

{3491}. 

Microscopy 
The neoplastic cells are medium-sized to 

large, with chromatin which is more open 

than typically seen in centrocytes and 

small, basophilic nucleoli. Mitotic figures 

are infrequent, and a starry-sky pattern is 

absent. When a follicular pattern is pres¬ 

ent, the neoplastic follicles are large, with 

a back-to-back growth pattern and ab¬ 

sent or attenuated mantle zones. Many 

cases have an entirely diffuse growth 

pattern. Unlike in paediatric-type follicu¬ 

lar lymphoma, the follicles generally lack 

a serpiginous configuration and starry- 

sky pattern. 

Immunophenotype 
The atypical cells have a mature B-cell 

phenotype and are positive for CD20, 

CD79a, and PAX5. IRF4/MUM1 is typi¬ 

cally strongly expressed, and BCL6 is 

positive, whereas PRDM1 (also known 

as BLIMP1) is usually negative. CD10 

and BCL2 expression is observed in 

66% of cases {3491}. The proliferation 

rate is usually high, with no evidence of 

polarization in the neoplastic follicles, in 

the appropriate clinical context, cases 

with coexpression of CD10, BCL6, and 

IRF4/MUM1 should be screened for IRF4 
rearrangements, 

Postulated normal counterpart 
Germinal centre B cell with IRF4 
rearrangement resulting in IRF4/MUM1 

expression 

Genetic profile 
Immunoglobulin genes are clonally re- 
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Fig. 13.87 Large B-cell lymphoma with IRF4 rearrangement, A There is uniform expression of IRF4/MUM1, 

(B) CD10 and (C) BCL6. D l\/IIB-1/Ki-67 stain shows numerous positive cells in the reactive germinal centres (upper 

right) and somewhat fewer positive cells in the neoplastic follicles (lower left). 

arranged. A cytogenetically cryptic re¬ 

arrangement of IRF4 with an IGH locus 

is detected in most cases, whereas light 

chains are rarely involved in the translo¬ 

cation {3491}. In rare cases with similar 

clinical and pathological features, the 

IRF4 translocation may not be demon¬ 

strated with current techniques. However, 

an IGH rearrangement may be detected 

in these cases. BCL6 locus breakpoints 

may be seen in some cases, but virtually 

all cases lack MYC an6 BC/.2 rearrange¬ 

ments {3272,3491}. These cases display 

a complex pattern of genetic changes, 

including loss of TP53 in a subset of 

patients, independent of age, but these 

■’ c? 

Fig. 13.88 Large B-cell lymphoma with IRF4 rearrange¬ 

ment. FISH for IRF4 rearrangement using a break-apart 

probe demonstrates many cells with one fused normal 

signal plus one green and one red split signal indica¬ 

tive of the rearrangement {IRF4 proximal in green, IRF4 

distal in red). 

changes are most likely not predictors of 

clinical behaviour {3489). Although most 

cases are found to have a germinal cen¬ 

tre B-cell origin (either by gene expres¬ 

sion profiling or by immunohistochem- 

istry), the cases have a unique gene 

expression signature that is distinct from 

those of both germinal centre B cells and 

activated B cells {3491}. 

Prognosis and predictive factors 
Patients have favourable outcome after 

treatment (combination immunochemo- 

therapy with or without radiation) {3491}. 

This clinical picture is in contrast with that 

of paediatric-type follicular lymphoma, 

which tends to have a good prognosis 

with local management. 
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Primary cutaneous follicle centre 
lymphoma 

Willemze R. 

Swerdlow S.H. 

Harris N.L. 

Vergier B. 

Definition 
Primary cutaneous follicle centre lym¬ 

phoma (PCFCL) is a tumour of neoplastic 

follicle centre cells, including centrocytes 

and variable numbers of centroblasts, 

with a follicular, follicular and diffuse, or 

diffuse growth pattern. It generally pre¬ 

sents on the head or trunk (4320). Lym¬ 

phomas with a diffuse growth pattern 

and a monotonous proliferation of centro¬ 

blasts and immunoblasts are classified, 

irrespective of site, as primary cutaneous 

diffuse large B-cell lymphoma, leg type 

{4320}. 

ICD-0 code 9597/3 

Fig. 13.89 Primary cutaneous follicle centre lymphoma. 

A Characteristic clinical presentation on the scalp. 

B Characteristic clinical presentation with localized skin 

lesions on the chest. 

Synonyms 
Reticulohistiocytoma of the dorsum; 

Crosti lymphoma 

Epidemiology 
PCFCL accounts for approximately 50% 

of primary cutaneous B-cell lymphomas, 

it mainly affects middle-aged adults, with 

a male-to-female ratio of approximately 

1.5:1 {1530,3623,4499}. 

Localization 
PCFCL characteristically presents with 

solitary or localized skin lesions on the 

scalp, forehead, or trunk. Approximately 

5% of cases present with skin lesions on 

the legs, and 15% with multifocal skin le¬ 

sions {2062,3623,4499}. 

Clinical features 
The clinical presentation consists of firm 

erythematous to violaceous plaques, 

nodules, or tumours of variable size. 

Particularly on the trunk, tumours may 

be surrounded by erythematous pap¬ 

ules and slightly infiltrated, sometimes 

figurate plaques, which may precede 

the development of tumorous lesions by 

months or years {358,3517,4322}. PCFCL 

with this typical presentation on the back 

was formerly referred to as reticulohis¬ 

tiocytoma of the dorsum or Crosti lym- 

Fig. 13.90 Primary cutaneous follicle centre lymphoma with a follicular growth pattern. A Note the distinct 

follicular structures. B Detail of neoplastic follicle showing a monotonous proliferation of follicle centre cells with no 

polarization, attenuated mantle zone and absence of tingible body macrophages. C Monotonous neoplastic follicle 

centre cells are seen at higher magnification. D Unlike in reactive germinal centres, the Ki-67 stain shows only- 
scattered positive cells in the neoplastic follicle. 
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phoma {358), The skin surface is smooth 

and ulceration is rarely observed. Pre¬ 

sentation with multifocal skin lesions is 

observed in a minority of patients, but is 

not associated with a more unfavourable 

prognosis {1421,3623}, If left untreated, 

the skin lesions gradually increase in 

size over the oourse of several years, but 

dissemination to extracutaneous sites is 

uncommon (occurring in -10% of cases) 

{3623,4499}, Recurrences tend to be 

proximate to the initial site of cutaneous 

presentation. 

Microscopy 
PCFCL shows perivascular and periad- 

nexal to diffuse infiltrates, with almost 

invariable sparing of the epidermis. The 

infiltrates show a spectrum of growth pat¬ 

terns, with a morphological continuum 

from follicular to follicular and diffuse to 

diffuse (3517,4320,4322}, Cases with a 

follicular growth pattern show nodular in¬ 

filtrates throughout the entire dermis, often 

extending into the subcutis. Unlike in cuta¬ 

neous follicular hyperplasias, the follicles 

in PCFCL may be poorly defined, show a 

monotonous proliferation of BCL6-1- follicle 

centre cells enmeshed in a meshwork of 

CD21+/CD35+ follicular dendritic cells, 

lack tingible body macrophages, gener¬ 

ally have an attenuated or absent mantle 

zone, and show a low proliferation rate 

{606,1408}, Reactive T cells may be nu¬ 

merous, and a prominent stromal compo¬ 

nent is usually present. 

Cases with a diffuse growth pattern usu¬ 

ally show a monotonous population of 

large centrocytes, some of which may 

have a multilobated appearance, and 

variable numbers of admixed centro- 

blasts (358,1421,3517,4322), In rare cas¬ 

es, the large centrocytes may be spindle- 

shaped (607,1406), In some cases, foci 

of CD21-h/CD354- follicular dendritic cells 

may still be present; in other cases, they 

may be totally absent (1494), The prolif¬ 

erative fraction in these diffuse PCFCLs 

is generally high, 

Immunophenotype 
The neoplastic cells express CD20 and 

CD79a, but are usually immunoglobulin¬ 

negative by immunohistochemistry. Flow 

cytometric studies are reported to dem¬ 

onstrate restricted light chain expression 

in almost 3/4 of cases-{3549A}, PCFCLs 

consistently express BCL6, CD10 may be 

positive in cases with a follicular growth 

pattern, but is generally negative in cases 

with a diffuse growth pattern (903,1409, 

1654,2016,2062,2674,3623}, Most cases 

either do not express BCL2 or only show 

faint BCL2 staining (weaker than in ad¬ 

mixed T cells) in a minority of neoplastic 

B cells (606,610,715,1318,1654,2062, 

3623), However, several studies have re¬ 

ported BCL2 expression in a substantial 

proportion of PCFCLs with at least a par¬ 

tially follicular growth pattern (37,1409, 

2016,2674,3164), Strong expression of 

both BCL2 and CD10 by the neoplastic 

B cells should always raise suspicion of 

a nodal follicular lymphoma involving the 

skin secondarily. Staining for IRF4/MUM1 

and FOXP1 is negative in most cases; 

staining for CD5 and CD43 is always 

negative (2062,3623), 

Postulated normal counterpart 
A mature germinal centre B cell 

Genetic profile 
Antigen receptor genes 
Clonally rearranged IG genes with so¬ 

matic hypermutation are present, but 

may not be detectable by PCR (6,1325), 

Cytogenetic abnormalities and 
oncogenes 
In many studies, PCFCLs, including 

cases with a follicular growth pattern, 

do not show (or rarely show) BCL2 
rearrangements (10,610,715,1318,1408, 

1409,1494,1524,1525,3164,4183), How¬ 

ever, other studies using PCR and/or 

FISH report BCL2 rearrangements in 

about 10-40% of PCFCLs with a follicu¬ 

lar growth pattern, as well as in some to¬ 

tally diffuse cases (37,2016,2674,3859), 

PCFCLs have the same gene expression 

profile as germinal centre B-cell-sub- 

type diffuse large B-cell lymphomas, 

and often show amplification of REL (6, 

986,1653), Deletion of chromosome 

14q32,33 has been reported (986), Un¬ 

like in primary cutaneous diffuse large 

B-cell lymphoma, leg type, inactivation 

of CDKN2A and CDKN2B gene loci on 

chromosome 9p21,3 by deletion or pro- 

■ 

Fig. 13.91 Primary cutaneous follicle centre lymphoma with a diffuse growth pattern. A Diffuse non-epidermotropic 

infiltrate. B The tumour cells express CD20. C Higher magnification shows that the cellular infiltrate contains many 

multilobated cells. 
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motor hypermethylation is only rarely 

found in PCFCL {986}. 

Prognosis and predictive factors 
Irrespective of the growth pattern (follicu¬ 

lar or diffuse), the number of blast cells, 

the presence of t(14;18) and/or BCL2 

expression, or the presence of either lo¬ 

calized or multifocal skin disease, PCF- 

CLs have an excellent prognosis, with a 

5-year survival rate of >95% {1408,1421, 

2674,3517,3623,4499). PCFCLs present¬ 

ing on the leg are reported to have a less 

favourable prognosis {2062,3623}. In pa¬ 

tients with localized or few scattered le¬ 

sions, local radiotherapy is the preferred 

treatment {1530,3624}. Cutaneous re¬ 

lapses, observed in about 30% of cases, 

do not indicate progressive disease. Sys¬ 

temic therapy is only required for patients 

with very extensive cutaneous disease, 

extremely thick skin tumours, or extra- 

cutaneous disease. 

Fig. 13.92 Primary cutaneous follicle centre lymphoma, spindle-shaped morphology. A Diffuse proliferation of 
centrocytes with a spindled morphology. B Detail of spindle-shaped cells. C Ki-67 stain shows high proliferation 

rate. D The cells are strongly positive for CD79a but (E) negative for BCL2. 
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Mantle cell lymphoma Swerdlow S.H, 

Campo E. 

Seto M, 

Muller-Hermelink H.K. 

Definition 
Mantle cell lymphoma is a mature B-cell 

neoplasm usually composed of mono- 

morphic small to medium-sized lymphoid 

cells with irregular nuclear contours; 

in >95% of cases, there is a CCND1 
translocation {245,543,2219,2269,3849, 

4018}. Neoplastic transformed cells (cen- 

troblasts), paraimmunoblasts, and pro¬ 

liferation centres are absent, Mantle cell 

lymphoma has traditionally been con¬ 

sidered a very aggressive and incurable 

lymphoma, but more indolent variants, in¬ 

cluding leukaemic non-nodal mantle cell 

lymphoma and in situ mantle cell neopla¬ 

sia, are now also well recognized. 

Table 13.21 Morphological variants of mantle cell lymphoma 

Aggressive variants Blastoid: 

Cells resemble lymphoblasts with dispersed chromatin and a high 

mitotic rate (usually >20-30 mitoses per 10 high-power fields). 

Pleomorphic: 

Cells are pleomorphic, but many are large with oval to irregular nuclear 

contours, generally pale cytoplasm, and often prominent nucleoli in at 

least some of the cells. 

Other variants Small-cell: 

Cells are small round lymphocytes with more clumped chromatin, either 

admixed or predominant, mimicking a small lymphocytic lymphoma. 

Marginal zone-llke: 

There are prominent foci of cells with abundant pale cytoplasm 

resembling marginal zone or monocytoid B cells, mimicking a marginal 

zone lymphoma; sometimes these paler foci also resemble proliferation 

centres of chronic lymphocytic leukaemia / small lymphocytic lymphoma. 

Fig. 13.93 Mantle cell lymphoma involving the colon (multiple lymphomatous polyposis). Gross photographs. 

A Overview showing one large and multiple small polypoid mucosal lesions. B Closer view showing tiny polypoid 

mucosal lesions. 

ICD-0 codes 
Mantle cell lymphoma 9673/3 

In situ mantle cell neoplasia 9673/1 

Synonyms 
Mantle zone lymphoma (obsolete); malig¬ 

nant lymphoma, lymphocytic, intermedi¬ 

ate differentiation, diffuse (obsolete); ma¬ 

lignant lymphoma, centrocytic (obsolete); 

malignant lymphomatous polyposis; in 

situ mantle cell lymphoma (for in situ 

mantle cell neoplasia) 

Epidemiology 
Mantle cell lymphoma accounts for 

approximately 3-10% of non-Hodgkin 

lymphomas (Ij. It occurs in middle-aged 

to older individuals, with a median age 

of about 60 years. There is a variably 

marked male predominance, with a male- 

to-female ratio of >2:1 {139,423,543, 

2219,3849,3854}. 

Localization 
Lymph nodes are the most commonly in¬ 

volved site. The spleen and bone marrow, 

with or without peripheral blood involve¬ 

ment, are also important sites of disease 

{139,423,2896,3849}. Other extranodai 

sites are also frequently involved, includ¬ 

ing the gastrointestinal tract (where in¬ 

filtration may be subclinioal), Waldeyer 

ring, lungs, and pleura {1324,3487}. An 

uncommon but distinctive presentation is 

Fig. 13.94 Mantle cell lymphoma, peripheral blood, cytological variation. A This typical mantle cell lymphoma demonstrates relatively small lymphoid cells with clumped 

chromatin and prominent nuclear clefts. B In contrast, the cells in this blastoid mantle cell lymphoma are larger and have prominent nucleoli. C This mantle cell lymphoma could 

easily be confused morphologically with chronic lymphocytic leukaemia. 
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with multiple intestinal polyps (so-called 

multiple lymphomatous polyposis), al¬ 

though these findings are not specific for 

mantle cell lymphoma {2134,2910,3459}, 

CNS involvement may occur, most com¬ 

monly at the time of relapse {667). 

Clinical features 
Most patients present with stage III or, 

usually, stage IV disease with lymphade- 

nopathy, hepatosplenomegaly, and bone 

marrow involvement {423,543,2896, 

3854). Extranodal involvement, usually 

in the presence of extensive lymphad- 

enopathy, is common. Peripheral blood 

involvement is also common, and can 

be identified by flow cytometry in almost 

all patients {1192}. Some patients have a 

marked lymphocytosis, which can close¬ 

ly mimic prolymphocytic leukaemia {139, 

423,2896}, an acute leukaemia {4204}, 

or chronic lymphocytic leukaemia. Some 

patients present with leukaemic non-nod- 

al disease, sometimes with splenomega¬ 

ly. These cases constitute a different vari¬ 

ant of the disease (see below), 

Macroscopy 
Most cases of multiple lymphoma¬ 

tous polyposis constitute mantle cell 

lymphoma. 

Microscopy 
Classic mantle cell lymphoma is a mono- 

morphic lymphoid proliferation with a 

vaguely nodular, diffuse, mantle zone, or 

rarely follicular growth pattern {245,2219, 

2269,3849,4018}. Mantle cell lymphoma 

with a mantle zone growth pattern should 

be distinguished from in situ mantle cell 

neoplasia (see discussion below). Most 

cases are composed of small to medium¬ 

sized lymphoid cells with slightly to mark¬ 

edly irregular nuclear contours, most 

closely resembling centrocytes. The nu¬ 

clei have at least somewhat dispersed 

chromatin but inconspicuous nucleoli. 

Neoplastic transformed cells resembling 

centroblasts, immunoblasts, or paraim- 

munoblasts and proliferation centres are 

absent; however, foci mimicking prolifera¬ 

tion centres may be present {3855A}, and 

a spectrum of morphological variants is 

recognized, which can also cause dia¬ 

gnostic confusion (Table 13.21, p.285). 

The blastoid and pleomorphic variants 

are considered to be of important clini¬ 

cal significance. The small-cell variant 

is overrepresented among cases of leu¬ 

kaemic, non-nodal mantle cell lymphoma 

Fig. 13.95 Mantle cell lymphoma, lymph nodes. A There is diffuse architectural effacement and typical pale 

hyalinized vessels. B In addition to diffuse areas, note the prominent vague neoplastic nodules. C A mantle zone 
growth pattern is seen in this lymph node with an intact architecture. 

{1187}, and the marginal zone-like vari¬ 

ant is of greatest interest because of its 

potential confusion with marginal zone 

lymphomas. Mantle cell lymphoma in 

the peripheral blood or in bone marrow 

aspirates shows the same cytological 

spectrum that is seen in tissue sections; 

however, nucleoli are sometimes more 

prominent, even in cases of classic type. 

Although mantle cell lymphoma is not 

graded, evaluation of the proliferative 

fraction (either by counting mitotic figures 

or estimating the proportion of Ki-67- 

positive nuclei) is critical because of its ^ 

prognostic impact, i 

Hyalinized small vessels are commonly i 

seen. Many cases have scattered single : 

epithelioid histiocytes, which in occasion¬ 

al blastoid or pleomorphic cases can cre¬ 

ate a so-called starry-sky appearance. 

Non-neoplastic plasma cells may be 

present, but true plasmacytic differentia¬ 

tion, which can be very marked, is seen 

only rarely {2645,3347,3851,4444,4445}. 

Splenic involvement, characterized by 

white pulp and variable red pulp infiltra- 
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Fig. 13.96 Mantle cell lymphoma (MCL), Cell-cycle and DNA damage repair pathways altered in MCL. The cyclin D1 / 

CDK4/6 complex promotes phosphorylation of RB (also called RB1). This leads to release of the E2F transcription 

factors, which then lead to progression of the cell cycle into the S phase. The cyclin D1 /CDK4/6 complex is inhibited 

by p16 (also called CDKN2A). BMI1 is a transcriptional repressor of the CDKN2AIARF locus. Abnormalities in MCL 

that lead to progression of cells from G1 to S phase include increased cyclin D1 in almost all cases, as well as loss 

of p16, RB1 deletions, increased CDK4, and increased BMI1 in a minority of cases, especially those that are more 

aggressive. Deregulated E2F also induces ARF transcription. ARF leads to stabilization of p53 by inhibiting the 

activity of MDM2, which leads to the degradation of p53. The tumour suppressor p53 leads to increased expression 

of p21 (also called CDKN1A) and to cell-cycle arrest or apoptosis. ATM is required for activation of p53 after DNA 

damage, Many MCLs have ATM abnormalities, and some patients have germiine mutations of this gene. Some MCLs 

have loss or transcriptional repression of the CDKN2AIARF locus (lacking p16/ARF), loss or mutation of TP53, or 

high levels of MDM2. Finally, cyclin E / CDK2 complexes also lead to cell-cycle progression, and are Inhibited by 

p21 and p27 (also called CDKN1B). In MCL, increased levels of cyclin D1 lead to sequestration of these cell-cycle 

Inhibitors, and they may also increase p27 degradation {1843}. 

tion, can mimic a splenic marginal zone 

lymphoma, with smaller cells with lit¬ 

tle cytoplasm centrally in the white pulp 

nodules and a peripheral zone where 

the neoplastic cells more closely resem¬ 

ble marginal zone cells, being some¬ 

what larger and with more abundant 

cytoplasm. 

Histological transformation to a typical 

diffuse large B-cell lymphoma does not 

occur; however, loss of a mantle zone 

growth pattern, increase in nuclear size, 

pleomorphism and chromatin dispersal, 

and increase in mitotic activity and Ki-67 

proliferation index can be seen in some 

cases at relapse {139,2219,2896,3849, 

4208}. Some such cases fulfil the criteria 

for a blastoid or pleomorphic mantle cell 

lymphoma (see below). Cases that are 

blastoid at diagnosis may relapse with 

classic morphology {4208}. 

Immunophenotype 
The cells express relatively intense sur¬ 

face IgM/lgD, more frequently with lamb¬ 

da than kappa restriction {543,3849, 

4018}, They are uniformly BCL2-positive 

{3853}; usually positive for CDS, FMC7, 

and CD43; sometimes positive for IRF4/ 

MUM1; and negative for CD10 and BCL6. 

CD23 is negative or weakly positive. Nu¬ 

clear cyclin D1 is expressed by >95% 

of mantle cell lymphomas, including the 

minority of cases that are CD5-nega- 

tive {700,3855,4026}. SOX11 is positive 

with the most sensitive monoclonal an¬ 

tibody in >90% of mantle cell lympho¬ 

mas, including cyclin Di-negative and 

blastoid cases {2769,2816,3721}. Cau¬ 

tion is advised, because the specificity 

and sensitivity of SOX11 antibodies vary 

widely. Aberrant phenotypes have been 

described (sometimes in association 

with blastoid or pleomorphic variants), 

including absence of CDS and expres¬ 

sion of CD10 and BCL6 {41,535,1294, 

2737,4425}. Rare cases express other 

antigens more typically associated with 

chronic lymphocytic leukaemia, such 

as LEF1 or CD200, with LEF1 more like¬ 

ly to be seen in blastoid or pleomorphic 

mantle cell lymphoma and CD200 in the 

leukaemic non-nodal variant {636,1115, 

1157,2633,3505}. Immunohistochemical 

staining often reveals loose meshworks 

of follicular dendritic cells. 

Postulated normal counterpart 
The postulated normal counterpart is a 

peripheral B cell of the inner mantle zone; 

this postulate is based in part on the 

growth pattern, with early involvement 

in lymphoid organs. The possibility that 

mantle cell lymphoma may derive from 

more than one B-cell compartment has 

also been suggested {2075}. Most cases 

are of pre-germinal centre origin, but 

some are of post-germinal centre origin. 

Genetic profile 
Antigen receptor genes 
IG genes are clonally rearranged, IGV 

genes are unmutated or minimally mu¬ 

tated in most cases, but in 15-40% of 

cases, IG genes show somatic hyper¬ 

mutation, although the load of mutations 

is usually lower than in mutated chronic 

lymphocytic leukaemia {534,2008,2992, 

3950}. A biased use of the IGHV genes 

has been reported, suggesting that man- 

tie cell lymphoma may originate from 

specific subsets of B cells {534,2008, 

2992,3950}. Together with other obser¬ 

vations, this finding suggests that at least 

a substantial proportion of mantle cell 

lymphomas show evidence of antigenic 

drive {1509,4391}, 

Cytogenetic abnormalities and 
oncogenes 
The t(11;14)(q13;q32) translocation be¬ 

tween an IGH gene and CCND1 (encod¬ 

ing cyclin D1) is present in >95% of cases 

and is considered to be the primary ge¬ 

netic event {2301,3408,4095,4146,4323, 

4324}. Variant CCND1 translocations with 

the IG light chains have also been report¬ 

ed but are very uncommon. The translo¬ 

cation results in deregulated overexpres¬ 

sion of CCND1 mRNA and protein {422, 

889,3627}. Some mantle cell lymphomas 

express aberrant transcripts, resulting 

in an increased half-life of cyclin D1. Tu¬ 

mours with these truncated transcripts 

have very high levels of cyclin D1 expres¬ 

sion {422,889,3627}, high proliferation 

rates, and more-aggressive clinical be¬ 

haviour {3413}. Deregulated expression 

of cyclin D1 is assumed to overcome the 

cell cycle suppressive effect of RB and 

p27 in addition to other effects, leading to 

the development of mantle cell lymphoma 

{1841,3264}. Nevertheless, it is not suffi¬ 

cient by itself to lead to mantle cell lym¬ 

phoma, as demonstrated both with animal 

models and by observations related to 

CCA/Df-rearranged clonal populations in 

the peripheral blood of healthy individuals 

{2247}. In addition to the molecular cy¬ 

togenetic abnormalities described below. 
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Classic [ Blastoid MCL| 

Fig. 13.97 Mantle cell lymphoma (MCL). Proposed model of molecular pathogenesis in the development and pro¬ 
gression of major subtypes of MCL. Precursor B cells, usually with but sometimes without a CCND1 rearrangement 

(CCND1-R), mature to abnormal na'ive B cells, which may initially colonize the inner portion of the mantle zones, 

constituting in situ mantle cell (MC) neoplasia. These cells already have additional molecular genetic abnormalities, 
such as inactivating ATM mutations. They may progress to classic MCL, which is most frequently SOX11-positive; 

has no evidence of transit through the germinal centre; and is genetically unstable, acquiring additional abnormalities 
related to cell-cycle dysregulation, the DNA damage response pathway, cell survival, and other pathways. Ultimately, 

progression to blastoid or pleomorphic MCL may occur. A smaller proportion of neoplastic MCs, usually SOX11 
negative, may undergo somatic hypermutation, presumably in germinal centres, developing tumours that are more 

genetically stable for long periods of time and that preferentially involve the peripheral blood (PB), bone marrow (BM), 

and sometimes the spleen. However, even these MCLs can acquire additional molecular and cytogenetic abnormali¬ 
ties, in particular TP53 abnormalities, leading to clinical and sometimes morphological progression. Modified from 

dares P et al. {1843}. 

the abnormal SOX11 expression found in 

many mantle cell lymphomas is thought to 

be important in the pathogenesis of man¬ 

tle cell lymphoma {1188,3039,4169}. 

Mantle cell lymphoma carries a high num¬ 
ber of non-random secondary chromo¬ 

somal aberrations, including gains of 3q26 

(in 31-50% of cases), 7p21 (in 16-34%), 

and 8q24 {MYC, in 16-36%), as well as 

losses of 1p13-31 (in 29-52% of cases), 

6q23-27 {TNFAIP3, in 23-38%), 9p21 

{CDKN2A which codes for p16INK4a and 

p14ARF, in 18-31%), 11q22-23 {ATM, in 

21-59%), 13q11-13 (in 22-55%), 13q14- 

34 (in 43-51%), and 17p13 {TP53, in 

21-45%) {302,3444,3627}, SNP studies 

also demonstrate copy-neutral LOH in 

as many as approximately 60% of cases, 

often involving the same regions where 

copy losses are found, such as in the re¬ 

gion of TP53 {303,3440}. High-level am¬ 

plifications, such as of 18q21 (the site of 

the BCL2 locus) or of the translocated 

CCND1 region, are also found in a minor¬ 

ity of cases {303}. Trisomy 12 has been re¬ 

ported in 25% of cases, but usually in the 

context of other alterations {847}. In ad¬ 

dition to chromosomal imbalances, man¬ 

tle cell lymphoma may also demonstrate 

tetraploid clones, which are more com¬ 

mon in the pleomorphic variant (present 

in 80% of these cases) and the blastoid 

variant (in 36%) than in cases with typical 

morphology (present in 8%) {3007}. The 

t(8;14)(q24;q32) translocation and variant 

MYC translocations are rarely present, 

and are associated with an aggressive 

clinical course {4098}. BCL6 (3q27) trans¬ 

locations also occur uncommonly and 

are reportedly associated with BCL6 ex¬ 

pression {535}. Some cytogenetic abnor¬ 

malities may also have associations with 

various clinical parameters, including a 

leukaemia presentation {1192,3071}. 

Oncogenic alterations have been found in 

genes targeting cell-cycle regulatory ele¬ 

ments, the DNA damage response path¬ 

way, cell survival, and other pathways 

{305,1186,2115,2615,3280,4477}, Inacti¬ 

vating mutations of AT/Wat 11q22-23 have 

been detected in 40-75% of mantle cell 

lymphomas, as well as in the germline of 

some patients with mantle cell lympho¬ 

ma {305,532,3550}. CCND1 is reported 

to be mutated in 35% of cases (usually 

IGHV-mutated cases), KMT2D {MLL2) in 

14%, NOTCH1 in 5-12%, and many other 

genes in < 10% of cases; some muta¬ 

tions, such as those of N0TCH1/2, are 

of prognostic and potential therapeutic 

importance {305,2115,2615,4477}, Muta¬ 

tions in some genes {ATM, KMT2D, and 

NOTCH1/2) have been reported only in 

SOX11-positive mantle cell lymphomas. 

Highly proliferative variants of mantle cell 

lymphoma have frequent TP53 muta¬ 

tions, homozygous deletions of CDKN2A 
and the cyclin-dependent kinase inhibi¬ 

tor CDKN2C, amplifications and over¬ 

expression of the BMI1 poiycomb and 

CDK4 genes, and occasional microdele¬ 

tions of the RB1 gene {302,304,543,1453, 

1622,2399,3194,3196,4325,4326}. 

Cyclin D1-negative mantle cell 
lymphoma 
Rare cases with the morphology and phe¬ 

notype of mantle cell lymphoma are neg¬ 

ative for cyclin D1 and t(11;14)(q13;q32) 

(IGH/CC/VD7) but have gene expression 

and global genomic profiles as well as 

other features, including clinical presenta¬ 

tion and evolution, indistinguishable from 

those of cyclin Di-positive mantle cell 

lymphoma {1262,3413,3492,3494}. Cyc¬ 

lin D2 or cyclin D3 is highly expressed. 

Approximately half of these cases have 

CCND2 translocations, usually with an 

IG partner (often either IGK or IGL), and 

are associated with high cyclin D2 ex¬ 

pression levels {3492}, Immunostaining 

for cyclin D2 or D3 is not useful in rec¬ 

ognizing these cases, because such 

staining is also positive in other B-cell 

lymphomas; however, SOX11 staining is 

very useful {3492}. Diminished p27 stain¬ 

ing (less intense than in the T-cell popu¬ 

lation) may also be helpful {3264}. In the 

absence of SOX11 staining, this diagno¬ 

sis must be made with extreme caution, 

if at all, given the many lymphomas that 

can mimic mantle cell lymphoma. Very 

rare cases in which cyclin D1 expres¬ 

sion cannot be demonstrated despite the 

presence of the CCND1 rearrangement 

do occur {3505}. Conversely, rare cases 

express cyclin D1 but lack a demonstra¬ 

ble CCND1 rearrangement {3851}. 

Genetic susceptibility 
Familial aggregation of mantle cell lym¬ 

phoma and of mantle cell lymphoma with 

other B-cell neoplasms has been report¬ 
ed {4032}. 

Prognosis and predictive factors 
Mantle cell lymphoma is associated with 

a median survival of 3-5 years, with the 

vast majority of patients not being cured 

even with the newer therapeutic mo¬ 

dalities being used today {46,543,544, 

651 A,1037,1115,1187,2992,3854,4218}. 
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Fig. 13.98 Mantle cell lymphoma. A This typical mantle cell lymphoma demonstrates a homogeneous population of cells that resemble centrocytes of a germinal centre, periodic 

acid-Schiff (PAS) stain. B The cells in the blastoid variant resemble lymphoblasts and have a high mitotic rate. C Note the large and pleomorphic cells, including cells with 

prominent nucleoli, in the pleomorphic variant. D Cyclin D1 immunostaining shows nuclear positivity. 

In recent years, overall survival appears 

to have improved among at least some 

subsets of patients. A subset of asympto¬ 

matic patients with indolent disease who 

can be followed, at least initially, without 

any therapy has also been Increasingly 

recognized and includes many of the pa¬ 

tients with one of the clinicopathological 

mantle cell lymphoma variants described 

below (571,1037,1118,1187,2522,2992). 

Assessment of proliferation rate is criti¬ 

cal; high mitotic rate (>10-37.5 mitoses 

per 15 high-power fields or >50 mitoses/ 

mm2) (139,423,3849,4001) and high Ki- 

67 proliferation index (variably defined. 

Fig. 13.99 Mantle cell lymphoma. SOX11 immunostain¬ 

ing shows nuclear positivity. 

but with >30% as a currently accepted 

cut-off point) are associated with an ad¬ 

verse prognosis (962,1038,1416,1964, 

4001). Cases with <10% Ki-67-positive 

cells have a more indolent course. Ki-67 

expression has also been incorporated 

into the biological, prognostically impor¬ 

tant Mantle Cell Lymphoma International 

Prognostic Index (MIPI) score, which also 

includes patient age. Eastern Cooperative 

Oncology Group (ECOG) performance 

score, lactate dehydrogenase level, and 

white blood cell count (1319,1704). In a 

major gene expression profiling study, 

the most significant prognostic indica¬ 

tor in mantle cell lymphoma was also the 

proliferation signature score, which fur¬ 

ther highlights the clinical importance of 

proliferation rate in this entity (3413). The 

following features have been reported 

in at least some studies to be adverse 

prognostic factors (although they are not 

necessarily all independent of the prolif¬ 

erative fraction): blastoid or pleomorphic 

morphology, karyotypic complexity, TP53 
mutation/overexpression/loss, CDKN2A 
deletion, and a variety of individual clini¬ 

cal parameters including overt peripheral 

blood involvement (at least in patients 

with adenopathy) (302,423,543,847,939, 

1453,2399,2892,3200,3494,3522,3849). 

Lack of SOX11 expression has been as¬ 

sociated with more-indolent mantle cell 

lymphoma in some studies; however, 

other studies have found these cases to 

be more aggressive, perhaps related to 

acquisition of TP53 abnormalities, which 

are present in a substantial subset of the 

cases (1187,2841,2892,2908). The small- 

cell variant also appears to have a more 

indolent course; the impact of a mantle 

zone or nodular pattern is less certain, but 

at least some nodular cases are probably 

associated with a more indolent course 

(423,571,2219,2449,2896,3413,3849, 

4001). The literature is not uniform with 

regard to the impact of individual chromo¬ 

somal gains or deletions, limiting their util¬ 

ity. The prognostic value of 9p {CDKN2A) 
and 17p {TP53) deletions has been con¬ 

firmed in clinical trials with new therapies, 

and seems to be independent of prolif¬ 

eration (939). Other chromosomal altera¬ 

tions have been associated with a poor 

prognosis independent of the proliferative 

fraction, but these associations need to 
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Fig. 13,100 In situ mantle cell neoplasia, hilar lymph node. A There is architectural retention, with intact sinuses and scattered follicles with germinal centres and mantle zones 

(anthracotic pigment is present). B The follicles show cyclin D1-positive lymphocytes, mostly in the inner mantle zones. 

be confirmed in patients treated with cur¬ 

rent therapeutic approaches {3494,3522). 

Leukaemic non-nodal mantle 
cell lymphoma 

Leukaemic non-nodai mantie ceii iym- 

phoma is defined as mantie ceil lym¬ 

phoma in which the patient presents 

with peripheral blood, bone marrow, 

and sometimes splenic involvement but 

without significant adenopathy (typi¬ 

cally defined as peripheral lymph nodes 

<1-2 cm and without adenopathy on 

CT, if performed) (1115,1187,2992). Like 

in chronic lymphocytic leukaemia, it ap¬ 

pears that these circulating cells may 

reversibly infiltrate extranodal inflamma¬ 

tory sites (e.g. with Helicobacter pylori- 
associated gastritis) and may remain lo¬ 

calized to the mantle zone, overlapping 

with in situ mantle cell neoplasia. The 

neoplastic cells in leukaemic non-nodal 

mantle cell lymphoma are more likely to 

be small, resembling chronic lymphocyt¬ 

ic leukaemia-type cells, SOX11-negative, 

and to have somatic IG hypermutation 

(928,1115,1187,2992). CD5 expression 

may be less common than in other man¬ 

tle cell lymphomas. Leukaemic non- 

nodal mantle cell lymphomas are more 

likely than classic mantle cell lymphomas 

to have <30-40% CD38 positivity, and 

at least a subset is more likely to have 

>2% CD200 positivity, a phenotype that 

may overlap with that of chronic lympho¬ 

cytic leukaemia (1115,2992). Cytogenetic 

studies show few abnormalities other 

than the CCND1 translocation, whereas 

classic mantle cell lymphoma typically 

has greater genomic instability and a 

more complex karyotype (1187,3439). 

Although not considered a prognostic 

indicator, mutated IG genes have been 

identified in patients with longer-term 

survival. Expression profiling and experi¬ 

mental studies suggest that these cases 

have a lack of tumour invasion properties 

and angiogenic potential, perhaps ac¬ 

counting tor the absence of significant 

adenopathy (928,3039). Patients with 

this variant have been reported to have a 

better prognosis than those with classic 

mantie cell lymphoma (median survival: 

79 months) and are overrepresented in 

studies of patients with mantle cell lym¬ 

phomas that have followed an indolent 

course, often not requiring therapy for 

long periods (1115,1187,2992). How¬ 

ever, some cases of this subtype may 

progress to an aggressive disease, with 

or without the development of lymphad- 

enopathy, sometimes with rapidly pro¬ 

gressive splenomegaly and sometimes 

with transformation to a blastoid or ple¬ 

omorphic variant. Acquisition of TP53 
mutations or other oncogenic alterations 

may be associated with this aggressive 

evolution (3439). Although monoclonal 

B-cell lymphocytosis of mantle cell lym¬ 

phoma type is not recognized, there is a 

small proportion of healthy individuals (at 

least 7%) with circulating cells that have 

\QYMCCND1 translocations detected 

with highly sensitive techniques, which 

can persist for years and may increase 

in number over time (2247). A report of 

simultaneous development of mantle 

cell lymphoma in a recipient and donor 

12 years after allogeneic bone marrow 

transplantation is also consistent with 

a very long latent period for mantle cell 

lymphoma after an initial event (750). 

In situ mantle cell neoplasia 

In situ mantle cell neoplasia, formerly re¬ 

ferred to as in situ mantle cell lymphoma 

or mantle cell lymphoma-like B cells of 

uncertain/undetermined significance, is 

defined as the presence of cyclin Di¬ 

positive lymphoid cells with CCND1 re¬ 

arrangements restricted to the mantle 

zones of otherwise hyperplastic-appear¬ 

ing lymphoid tissue (571,2885). Periph¬ 

eral blood involvement or involvement 

at more than one site does not exclude 

the diagnosis, with some cases probably 

constituting the leukaemic non-nodal 

type of mantle cell lymphoma but with in¬ 

volvement of the mantle zone (i.e. in situ) 

in lymph nodes enlarged for some other 

reason. Extranodal involvement may also 

be present. The cyclin Di-positive cells 

are typically in the inner mantle zone, but 

may rarely be scattered throughout the 

mantle zone, in the outer mantle zone, or 

very rarely intrafollicular. When the man¬ 

tle zones are expanded and completely 

replaced by cyclin Di-positive lymphoid 

cells, the diagnosis of overt mantle cell 

lymphoma with a mantle zone growth 

pattern is more appropriate. Compared 

with classic mantle cell lymphoma, these 

cases are more likely to be CD5-nega- 

tive, and they include both SOX11-posi¬ 

tive and a moderate number of SOX11- 

negative cases. These cases are very 

rare (none were found in two series of 

at least 100 hyperplastio lymph nodes) 

and are usually identified as an inciden¬ 

tal finding, sometimes associated with 

other malignant lymphomas, when cyclin 

D1 immunohistochemical staining is per¬ 

formed (571,22A). In situ mantle cell neo¬ 

plasia often has an indolent course with 

long-term survival, frequently with stable 

disease even without therapy. However, 

caution is advised, because rare cases 

may progress to overt mantle cell lym¬ 

phoma and occasional patients have 

been reported who have not done well 

(571,1949,3351), The proportion of overt 

mantle cell lymphoma preceded by in 

situ mantle cell neoplasia is controversial. 
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Diffuse large B-cell lymphoma, NOS 

Table 13.22 Large B-cell lymphomas; italics indicate that an entity is provisional 

Diffuse large B-cell lymphoma, NOS 

Morphological variants 

Centroblastic 

Immunoblastic 

Anaplastic 

Other rare variants 

Molecular subtypes 

Germinal centre B-cell subtype 

Activated B-cell subtype 

Other lymphomas of large B cells 

T-cell/histiocyte-rich large B-cell lymphoma 

Primary diffuse large B-cell lymphoma of the CNS 

Primary cutaneous diffuse large B-cell lymphoma, leg type 

EBV-positive diffuse large B-cell lymphoma, NOS 

Diffuse large B-cell lymphoma associated with chronic inflammation 

Lymphomatoid granulomatosis 

Large B-cell lymphoma with IRF4 rearrangement 

Primary mediastinal (thymic) large B-cell lymphoma 

Intravascular large B-cell lymphoma 

ALK-positive large B-cell lymphoma 

Plasmablastic lymphoma 

HHV8-positive diffuse large B-cell lymphoma 

Primary effusion lymphoma 

High-grade B-cell lymphoma 

High-grade B-cell lymphoma with MYC and BCL2 and/or BCL6 rearrangements 

High-grade B-cell lymphoma, NOS 

B-cell lymphoma, unclassifiable 

B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma and 

classic Hodgkin lymphoma 

Definition 
Diffuse large B-cell lymphoma (DLBCL) 

is a neoplasm of medium or large B lym¬ 

phoid cells whose nuclei are the same 

size as, or larger than, those of normal 

macrophages, or more than twice the 

size of those of normal lymphocytes, with 

a diffuse growth pattern. 

Morphological, biological, and clinical 

studies have subdivided DLBCLs into 

morphological variants, molecular sub- 

types, and distinct disease entities (Ta¬ 

ble 13.22). However, there remain many 

cases that may be biologically heteroge¬ 

neous, but for which there are no clear 

and accepted criteria for subdivision. 

These cases are classified as DLBCL, 

NOS, which encompasses all cases that 

do not belong to a specific diagnostic 

category listed in Table 13.22. DLBCL, 

NOS can be subdivided into germi¬ 

nal centre B-cell (GCB) subtype and 

activated B-cell (ABC) subtype. Focal 

involvement of follicular structures in 

DLBCL, which can be highlighted by im- 

munohistochemical staining for follicular 

dendritic cells, does not require the ad¬ 

ditional diagnosis of a grade 3B follicular 

lymphoma. 

ICD-0 codes 
Diffuse large B-cell lymphoma, NOS 

9680/3 

Germinal centre B-cell subtype 9680/3 

Activated B-cell subtype 9680/3 

Epidemiology 
DLBCL, NOS, constitutes 25-35% of 

adult non-Hodgkin lymphomas in devel¬ 

oped countries, and a higher percentage 

in developing countries. It is more com¬ 

mon in elderly individuals. The median 

patient age is in the seventh decade of 

life, but it can also occur in children and 

young adults. It is slightly more common 

in males than in females |1,95}. 

Etiology 
The etiology of DLBCL, NOS, remains 

unknown. These tumours usually arise 

de novo (referred to as primary) but can 

also represent transformation of a less 

aggressive lymphoma (referred to as 

secondary), such as chronic lympho¬ 

cytic leukaemia/small lymphocytic lym¬ 

phoma, follicular lymphoma, marginal 

zone lymphoma, or nodular lymphocyte 

predominant Hodgkin lymphoma. Un¬ 

derlying immunodeficiency is a signifi¬ 

cant risk factor. DLBCLs, NOS, occurring 

in the setting of immunodeficiency are 

more often EBV-positive than sporadic 

cases. In DLBCL cases without an overt 

immunodeficiency, the EBV infection rate 

varies from 3% in western populations 

to approximately 10% in Asian and Latin 

American populations, and the lympho¬ 

ma is typically of the ABC subtype (325, 

1017,1367,1655,2701,2956,3696). Impor¬ 

tantly, EBV positivity in most tumour cells 

should lead to a diagnosis of either EBV- 

positive DLBCL, NOS, or another spe¬ 

cific type of EBV-positive lymphoma (e.g. 

Gascoyne R.D. ChanJ.K.C. 

Campo E. Rosenwald A. 

Jaffe E.S. Stein H. 

Chan W.C. SwerdlowS.H 

DLBCL associated with chronic inflam¬ 

mation or lymphomatoid granulomatosis). 

Localization 
Patients may present with nodal or ex- 

tranodal disease; as many as 40% of 

cases are confined to extranodal sites 

at least initially (1,95). The most common 

Fig. 13.101 Diffuse large B-cell lymphoma, NOS. 

Involved spleen contains large tumour nodules. 
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Fig. 13.102 Diffuse large B-cell lymphoma, centroblastic variant. A Typical appearance. B In this example, the tumour 

cells have a polymorphic and multilobated appearance. 

extranodal site is the gastrointestinal tract 

(stomach and ileocaecal region), but vir¬ 

tually any extranodal looatlon can be 

primarily involved. Other common sites 

of extranodal presentation include the 

bone, testes, spleen, Waldeyer ring, sali¬ 

vary glands, thyroid, liver, kidneys, and 

adrenal glands. Primary CNS lymphoma 

and primary testioular lymphoma are 

both lymphomas of immune-privileged 

sites and therefore share some overlap¬ 

ping biology. DLBCLs involving the kid¬ 

neys and adrenal glands are assooiated 

with an increased risk of spread to the 

CNS. Cutaneous lymphomas composed 

mostly of large B lymphocytes (i.e. pri¬ 

mary cutaneous follicle centre lymphoma 

and primary cutaneous DLBCL, leg type) 

are considered distinct entities and dis¬ 

cussed separately in this volume, 

Bone marrow involvement in DLBCL ean 

be discordant (low-grade B-cell lym¬ 

phoma in the marrow, seen in 10-25% 

of cases) or concordant (large cell lym¬ 

phoma in the marrow, seen in a similar 

proportion of oases) {128,474,538,3061, 

3612}. The detection rate for minimal in¬ 

volvement may be increased with the 

use of ancillary techniques such as flow 

cytometry, immunohistochemistry, and 

molecular genetics {3883,3884}. Recent 

studies have suggested that FDG-PET is 

a sensitive technique for detecting con¬ 

cordant bone marrow involvement, but 

is not reliable for discordant disease {24, 

273,2000}. The most recent consensus 

oriteria for lymphoma staging indicate 

that a routine staging bone marrow bi¬ 

opsy is no longer required if FDG-PET is 

negative {691}. Morphologic involvement 

of the peripheral blood by DLBCL is rare. 

Clinical features 
Patients usually present with a rapidly en¬ 

larging tumour mass at single or multiple 

nodal or extranodal sites. Almost half of 

the patients have stage I or II disease, 

but the inclusion of PET/CT in the initial 

staging of DLBCL has resulted in stage 

migration, reducing the percentage of 

patients with limited-stage disease. Many 

patients are asymptomatic, but B symp¬ 

toms may be present. Speoific localizing 

symptoms may be present and are highly 

dependent on the site of extranodal in¬ 

volvement {1,148}. 

Microscopy 
Lymph nodes demonstrate partial or 

more commonly total arohitectural efface- 

ment by a diffuse proliferation of medium | 

or large lymphoid cells. Partial nodal in- | 

volvement may be interfollicular and/or 

less commonly sinusoidal. The perinodal 

tissue is often infiltrated. Broad or fine j 

bands of sclerosis may be present. The ! 

morphology of DLBCL, NCS, is diverse ! 

and the disease can be divided into com- ! 

mon and rare morphological variants. For ! 

this reason, ancillary studies are critical , 

before making the diagnosis of DLBCL, | 

NCS. Cases with medium-sized cells * 

are particularly prone to misclassifica- j 

tion. Special studies are required to ex- j 

elude extramedullary leukaemias, Burkitt ^ 

lymphoma, high-grade B-cell lympho- j 

ma with MYC and BCL2 and/or BCL6 * 

rearrangements, and blastoid mantle cell 

lymphoma. 

Common morphological variants 
Three common and several rare morpho- j 

logical variants have been recognized, ; 

Ail variants may be admixed with a high i 

number of T cells and/or histiocytes, j 

These cases should not be categorized t 

as T-oell/histiocyte-rich large B-cell lym- < 

phoma as long they do not fulfil all the } 

criteria for that entity. 

Centroblastic variant: This is the most 

common variant. Centroblasts are 

medium-sized to large lymphoid cells 

with usually oval to round, vesicular nu- ' 

del containing fine chromatin. There 

are 2-4 nuclear membrane-bound nu- ] 

cleoli. The cytoplasm is usually scant | 

and amphophilic or basophilic. In some j 

cases, the tumour is monomorphic, i.e. !| 

it is composed almost entirely (>90%) I: 
of centroblasts, Centroblastic cases are ’ 

more frequently of the GCB subtype > 

{3411}, However, in most cases the tu- 1 

mour is polymorphic with an admixture of I 

Fig. 13.103 Diffuse large B-cell lymphoma. A Immunoblastic variant. The neoplastic cells have a uniform cytological appearance with prominent single central nucleoli, B Anaplastic 
variant. Large lymphoma cells with pleomorphic nuclei infiltrate the sinus. Inset: There is strong membranous and perinuclear labelling of the lymphoma cells for CD20. 
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centroblasts and immunoblasts (<90%) 

(1105,3009), The tumour cells may have 

multilobated nuclei, which predominate in 

rare instances, especially in tumours lo¬ 

calized to the bone and other extranodal 

sites. 

Immunoblastic variant: In this variant, 

>90% of the cells are immunoblasts, with 

a single centrally located nucleolus and 

an appreciable amount of basophilic cy¬ 

toplasm, Immunoblasts with plasmacy- 

toid differentiation may also be present. 

Clinical and/or immunophenotypic find¬ 

ings may be essential in for differentiating 

this variant from extramedullary involve¬ 

ment by a plasmablastic lymphoma or an 

immature plasma cell myeloma. The dis¬ 

tinction of the immunoblastic variant from 

the common centroblastic variant has 

generally shown poor intraobserver and 

interobserver reproducibility (1105,3009). 

Anaplastic variant: This variant is charac¬ 

terized by large to very large cells with 

bizarre pleomorphic nuclei that may re¬ 

semble, at least in part, Hodgkin/Reed- 

Sternberg cells, and may resemble the 

neoplastic cells of anaplastic large cell 

lymphoma. The cells may show a sinusoi¬ 

dal and/or a cohesive growth pattern and 

may mimic undifferentiated carcinoma 

(1548). The anaplastic variant is biologi¬ 

cally and clinically unrelated to anaplas¬ 

tic large cell lymphoma, which is often of 

cytotoxic T-cell derivation, and unrelated 

to ALK-positive large B-cell lymphoma, 

which lacks expression of CD20 and 

CD30, 

Rare morphological variants 
Rare cases of DLBCL, NOS, have a 

myxoid stroma or a fibrillary matrix. Pseu¬ 

dorosette formation is rarely seen. Occa¬ 

sionally, the neoplastic cells are spindle- 

shaped or display features of signet ring 

cells. Cytoplasmic granules, microvillous 

projections, and intercellular junctions 

can also be seen ultrastructurally. 

Immunophenotype 
The neoplastic cells typically express 

pan-B-cell markers such as CD19, 

CD20, CD22, CD79a, and PAX5, but 

may lack one or more of these. Surface 

and cytoplasmic immunoglobulin (most 

commonly IgM, followed by IgG and IgA) 

can be demonstrated in 50-75% of the 

cases. The presence of cytoplasmic im¬ 

munoglobulin does not correlate with the 

expression of plasma cell-associated 

markers such as CD138. CD138 is rarely 

Fig. 13.104 Diffuse large B-cell lymphoma, immuno¬ 

blastic variant, expressing BCL2. 

coexpressed in CD20-positive cells. 

CD30 may be expressed in 10-20% of 

cases, especially in the anaplastic variant 

(1717,3696). The presence of EBV in most 

of the cells should lead to a diagnosis of 

EBV-positive DLBCL, NOS; most of these 

cases are CD30-positive, 

The neoplastic cells express CD5 in 

5-10% of the cases (4399,4406), CD5-r- 

DLBCLs usually constitute de novo 

DLBCL, only rarely arising from chronic 

lymphocytic leukaemia / small lympho¬ 

cytic lymphoma. CD5-f DLBCL can be 

distinguished from the blastoid or pleo¬ 

morphic variant of mantle cell lympho¬ 

ma by the absence of cyclin D1 and/or 

SOX11 expression (4467). Rare cases ex¬ 

press cyclin D1 in the absence of CCND1 
translocation and SOX11 expression. 

However, it is usually not as strong and 

uniform as in MCL (1714,2959,4170). 

The expression of MYC and BCL2 varies 

considerably, in part depending on the 

threshold used to define positivity (1440, 

1686,1718,1866,2048,2049,2446,3141, 

3601,4113,4415). In most studies, BCL2 

is considered positive if >50% of the tu¬ 

mour cells are positive, and MYC is con¬ 

sidered positive if >40% of the tumour 

cell nuclei are positive. Coexpression of 

these two proteins (so-called double- 

expressers) is more frequent in the ABC 

subtype (see below) (1866,3601). 

The reported incidence of CD10, BCL6, 

IRF4/MUM1, FOXP1, GCET1, and LM02 

expression varies. The Hans algorithm 

uses three markers to distinguish the 

GCB from the non-GCB subtype: CD10, 

BCL6, and IRF4/MUM1 are each consid¬ 

ered positive if >30% of the tumour cell 

stain positively (1537). CD10 is positive 

in 30-50% of cases, BCL6 in 60-90%, 

and IRF4/MUM1 in 35-65% (348,786, 

902,2790). Unlike in normal GCBs, in 

which expression of IRF4/MUM1 and 

BCL6 is mutually exclusive, coexpres¬ 

sion of these markers is found in 50% of 

Fig. 13.105 Diffuse large B-cell lymphoma with >40% 

of the tumour cells expressing nuclear MYC protein. 

DLBCLs (1141). FOXP1 expression has 

been reported in about 20% of DLBCL 

cases that lack the germinal centre 

phenotype and express IRF4/MUM1 

and BCL2 in the absence of t(14;18) 

(q32;q21,3) (271). GCET1, a germinal 

centre marker, is expressed in 40-50% 

of cases and is highly correlated with 

the GCB type (2703). LM02 expression 

is found in approximately 45% of DLBCL 

and is highly correlated with the germinal 

centre markers CD10, BCL6, and HGAL, 

but not with IRF4/MUM1 or BCL2 (2840). 

Expression of BCL2 varies between re¬ 

ports, with a range of 47-84% (902,1305, 

1619,1770), The observed frequency may 

also vary depending on the BCL2 anti¬ 

body used (1990). In the GCB subtype, 

BCL2 expression is closely linked to the 

presence of t(14;18)(q32;q21.3), whereas 

expression is more common in the ABC 

subtype, but is the result of copy number 

gains and transcriptional upregulation 

(2761,3601), 

The Ki-67 proliferation index is high; it is 

usually much more than 40% and may be 

>90% in some cases (1468,1589,2069, 

2664,4430). Expression of p53 is seen in 

20-60% of cases, but is more common 

than the presence of mutations, sug¬ 

gesting upregulation of wildtype TP53 in 

some cases (701,2279,2312,4400,4445). 

Cell of origin/postulated normal 
counterpart 
The postulated normal counterparts are 

peripheral mature B cells of either germi¬ 

nal centre origin (GCB subtype) or ger¬ 

minal centre exit / early plasmablastic or 

post-germinal centre origin (ABC sub- 

type). Cell of origin distinctions underlie 

fundamentally different biology based 

on gene expression, chromosomal ab¬ 

errations, and recurrent mutations; they 

are also associated with reproducible 

survival differences in patients treated 

with the CHOP chemotherapy regimen 
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plus rituximab (R-CHOP). The accurate 

distinction of the GCB from the ABC sub- 

type is an important predictive factor in 

DLBCL, NOS. 

Cell of origin subtyping 
On the basis of gene expression profiling, 

DLBCL can be divided into two main mo¬ 

lecular subgroups: the GCB subtype and 

the ABC subtype. Approximately 10-15% 

of cases cannot be included in either of 

these subtypes and remain unclassified 

167,2272,2273,3411,4372}, The relative 

frequencies of the GCB subtype and the 

ABC subtype vary based on geographi¬ 

cal location, median age of the patient 

population, and methodology used, but 

are typically about 60% and 40%, re¬ 

spectively {3601}. The frequency of the 

GCB subtype is lower in Asian coun¬ 

tries {1745,2308,3061,3615,3663,43 83}. 

Low density gene expression analysis 

platforms can recapitulate these same 

groups, and many are applicable to for¬ 

malin-fixed, paraffin-embedded material 

{2505,3601,3603}, Numerous immuno- 

histochemical algorithms exist, but most 

are binary classifiers (i.e. two-class pre¬ 

dictors) {738,830,1537,2652,2790,2838, 

2909,4199). For example, the Hans algo¬ 

rithm classifies DLBCL into the two sub¬ 

groups of GCB subtype and non-GCB 

subtype, and thus does not recognize 

the unclassified cases. Although rou¬ 

tinely available, all immunohistochemical 

algorithms suffer from a lack of reproduc¬ 

ibility and accuracy, but the determina¬ 

tion of cell of origin has begun to pen¬ 

etrate clinical practice and is therefore 

required {830,3325}. Enrolment in current 

clinical trials requires the determination of 

cell of origin status, because preliminary 

data from phase I/I I trials suggest that the 

benefit from the addition of bortezomib, 

lenalidomide, and ibrutinib to R-CHOP 

is preferentially seen in the ABC sub- 

type {1057,2562,2902,2903,2932,4334, 

4419}. Therefore, the distinction between 

the GCB subtype and the ABC subtype 

should be made for all cases of DLBCL, 

NOS, at diagnosis. If gene expression 

technologies are not available, then im- 

munohistochemistry technologies are 

considered an acceptable alternative. 

The algorithm used should be specified. 

Genetic profile 
Antigen receptor genes 
Clonally rearranged IG heavy and light 

chain genes are detectable. The IG 
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Fig. 13.106 Diffuse large B-cell lymphoma (DLBCL), The Lymph2Cx model is shown in the form of a gene expression 

heat map. Cases (N = 335) are arrayed from left to right, in ascending order of assay score. The 20 genes that 

contribute to the model are listed at the left. The top 8 genes are overexpressed in the activated B-cell type (ABC), 

the middle 5 genes are housekeeping genes, and the bottom 7 genes are overexpressed in the germinal centre 
B-cell type (GCB). From Scott DW et al. {3601}. Reprinted with permission. © 2015 by American Society of Clinical 

Oncology, All rights reserved. 

genes show ongoing somatic hypermu¬ 

tation in the GCB subtype or evidence of 

prior somatic hypermutation in the ABC 

subtype. 

Mutation landscape 
Several studies have examined the muta¬ 

tion landscape of DLBCL (Table 13,23), 

implicating many novel mutations in the 

pathogenesis of this disease {2384, 

2745,3085,4476}, For many genes, the 

frequency of specific mutations varies 

depending on the cell of origin subtype; 

others are found in both the GCB sub- 

type and the ABC subtype. For example, 

mutations in EZH2 and GNA13 are seen 

almost exclusively in the GCB subtype, 

whereas CARD11, MYD88, and CD79B 
mutations are characteristic of the ABC 

subtype {88 6,2744,2745,2860}. Recur¬ 

rent copy number changes have also 

been studied. Gains and deletions of 

chromosomal material are common and 

are differentially seen across the cell of 

origin subtypes (Table 13.23) {2274, 

2718}. For example, GCB DLBCLs often 

harbour gains or amplification of 2p16 

and 8q24 and deletions of 1p36 and 

10q23; ABC cases show gains of 3q27, 

11q23-4, and 18q21 and deletions of 

6q21 and 9p21 {306,1433,1839,2274, 

2718,3081,3085,3545,3578,3607}. Copy 

number gains and amplifications of the 

MYC locus vary in frequency; they occur 

in both the GCB subtype and the ABC 

subtype, but are slightly more common in 

GCB DLBCL {2404,3601,4432}. 

Candidate gene studies of DLBCL aris¬ 

ing at specific extranodal sites have, in 

some eases, shown both overlapping 

and unique molecular features. Primary 

breast DLBCL arising in women is un¬ 

common, but studies reveal that most 

cases are of the ABC subtype and show 

recurrent MYD88 L265P and CD79B mu¬ 

tations, similar to nodal ABC DLBCL, NOS 

{3900}. Rearrangements of either BCL2 
or SCLSare rare. Primary gastric DLBCLs 

are mostly of the ABC subtype. Recurrent 

mutations of MYD88 and CD79B are un¬ 

common. Translocations involving BCL6 
occur in a subset of cases, as do MYC 
rearrangements, but 6CL2 translocations 

are uncommon {687}. Primary DLBCLs 

are common testicular tumours in elderly 

men, and like primary CNS lymphomas, 

they are considered lymphomas of im¬ 

mune-privileged sites. Testicular DLBCL, 

NOS, can spread to the CNS and the 

contralateral testis {954}, Most cases are 

of the ABC subtype. Molecular studies 

reveal a high frequency of MYD88 muta¬ 

tions, accompanied in a subset of cases 

by CD79B mutations {2098}. Occasional 
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cases show translocations of MYC or 

BCL6, but BCL2 translocations are rare. 

Recent data reveal copy-number gains 

of the 9p21 locus, the site of the ligands 

of PD1 {665}. In addition, rare transloca¬ 

tions of the ligands are also seen, char¬ 

acterized by promotor substitution with 

promiscuous genes actively transcribed 

in B cells, leading to overexpression of 

PDL1, PDL2, or both proteins in primary 

testicular DLBCL {665,4082}. Further 

evidence of an Immune escape pheno¬ 

type is loss of major histocompatibility 

complex (MFIC) class I and II expression, 

which is also a common genetic altera¬ 

tion in primary testicular DLBCL resulting 

from deletion of HLA loci on chromosome 

6p21.3 {415,1883,3355,3356}. 

Chromosomal translocations 
As many as 30% of cases show re¬ 

arrangement of the 3q27 region involving 

BCL6, which is the most common translo¬ 

cation in DLBCL {40,272,288,1768,2396, 

2930,3667}. These rearrangements tend 

to occur more commonly In the ABC sub- 

type {1768,3601,4422}. Translocation of 

the BCL2 gene, i.e. t(14;18)(q32;q21.3), 

a hallmark of follicular lymphoma, oc¬ 

curs in 20-30% of DLBCL cases, more 

commonly in the GCB subtype, where 

it is present in about 40% of cases and 

is closely associated with BCL2 and 

CD10 protein expression {270,1719,1769, 

1771,3601,4200}. MYC rearrangement 

is observed in 8-14% of cases, evenly 

distributed between the GCB subtype 

and the ABC subtype; unlike in Burkitt 

lymphoma, it is typically associated with 

a complex karyotype {44,269,802,848, 

1440,1686,1718,1866,2074,2100,3537, 

4085,4200}. Approximately half of the 

DLBCL cases that harbour a /W/C trans¬ 

location also show a BCL2 and/or BCL6 
translocation, and therefore belong in the 

newly created category of high-grade 

B-celi lymphoma with MYC and BCL2 
and/or BCL6 rearrangements (so-called 

double-hit lymphoma) {194,802,1865, 

1943,2878,3117,3601}. Cases with oth¬ 

erwise typical DLBCL morphology and 

an Isolated MYC translocation belong in 

the category of DLBCL, NOS {802,1865, 

4398}. A variable proportion of the MYC 
translocations involve IG loci as part¬ 

ners: IGFI, IGK, or IGL. Others partners 

include non-IG loci such as PAX5, BCL6, 
BCL11A, IKZF1 (IKAROS), and BTG1 
{193,362,1865,3118}. The ability to detect 

MYC translocations with non-IG partner 

Table 13.23 Genetic, molecular, and clinical characteristics of the diffuse large B-cell lymphoma (DLBCL) subtypes 

and primary mediastinal large B-cell lymphoma (PMBL) 

Characteristic 

ABC DLBCL 

Frequency 

GCB DLBCL PMBL 

Rearrangements 

BCL2 <5% 40% 0% 

BCL6 25-30% 15% 0% 

MYC, single hit 5-8% 5-8% 0% 

CD274IPDCD1LG2 (also called PDL1I2) Rare Rare 20% 

CIITA Rare Rare 38% 

TBL1XR1 0% 5% 0% 

Copy-number aberrations 

1p36.32 deletion (rA/FRSF14) 10% 30% Rare 

2p16 gain/amplification (PEL) Rare 30% 60-75% 

3q27 gain/amplification 45% 15-20% Rare 

6q21 deletion {PRDM1) 45% 25% n/a 

9p21 deletion {CDKN2A) 40% 20% Rare 

9p24.1 gains/amplification {CD274IPDCD1LG2) Uncommon Uncommon 60-75% 

18q21.3 gain/amplification {BCL2) 55% 15% Rare 

Recurrent mutations^ 

EZH2 Rare 20-25% n/a 

GNA13 Rare 25% n/a 

KMT2D (also called MLL2) 35% 40% n/a 

TP53 25% 20% n/a 

MEF2B 5% 15-20% n/a 

SGK1 5-10% 15-20% n/a 

CREBBP 10% 30% n/a 

TNFRSF14 Rare 30% n/a 

S0CS1 Uncommon 10-15% 40% 

PTPN1 n/a n/a 20% 

STAT6 Rare 5% 35% 

CARD11 10-15% 10-15% n/a 

CD79B 20-25% Uncommon n/a 

MYD88 35% Uncommon n/a 

PRDM1 15% Rare n/a 

B2M 15-20% 20-25% n/a 

CD58 10% 10% n/a 

Pathway perturbations 

NF-kappaB activation Yes No Yes 

PI3K/AKT No Yes No 

JAK/STAT signalling Rare Yes Yes 

Immune escape Yes Yes Yes 

Clinical features 

5-year PFS (R-CHOP) 40-50% 70-80% 85-90% 

ABC, activated B-cell subtype; GBC, germinal centre B-cell subtype; n/a, not available; PFS, progression-free 

survival; R-CHOP, CHOP chemotherapy regimen plus rituximab. 

® Some cases with recurrent mutations also harbour copy number alterations of the same locus, in particular 

alterations associated with loss of function. 
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genes is heavily dependent on the FISH 

assay used (802,2784). Most DLBCL, 

NOS, cases with a /WYC translocation are 

also double expressers (i.e. are positive 

for both MYC and BCL2 protein) (1440, 

1866,3601). Cases harbouring a MYC 
translocation tend to have a higher Ki-67 

proliferation index, although it is highly 

variable and is not a useful surrogate for 

selecting cases for FISH testing. Less- 

common translocations in DLBCL, NOS, 

include TBL1XR1 translocations, which 

are found in the GOB subtype, and re¬ 

arrangements of CD274 (also called PD- 
CD1LG1 or PDL1) and PDCD1LG2 (also 

called PDL2), which are more common 

in primary testicular DLBCL (3602,4082), 

Genetic susceptibility 
Recent case control studies have identi¬ 

fied genetic loci that may predispose in¬ 

dividuals to the development of DLBCL 

(602,2135,3691,3704), Some of the find¬ 

ings in European studies have been rep¬ 

licated in eastern Asian populations, sug¬ 

gesting a common risk (286,3888). The 

identities of the candidate genes in these 

loci suggest that immune recognition and 

immune function may underlie the patho¬ 
genesis of DLBCL (602), 

Prognosis and predictive factors 
Clinical features 
In the R-CHOP era, the 5-year progres¬ 

sion-free and overall survival rates are 

approximately 60% and 65%, respec¬ 

tively (3611). Disease stage and patient 

age are significant factors affecting sur¬ 

vival, The International Prognostic Index 

(IPl), which incorporates five clinical 

variables, remains a valuable prognos¬ 

tic tool, although newer variations have 

been described that are better able to 

identify patients with the highest-risk clin¬ 

ical features (3610,4491). Other clinical 

prognostic factors associated with inferi¬ 

or outcome include tumour bulk (masses 

>10 cm), male sex, vitamin D deficiency, 

low body mass index, elevated serum 

free light chains, monoclonal serum IgM 

proteins, low absolute lymphocyte/mono¬ 

cyte count, and concordant (but not dis¬ 

cordant) bone marrow involvement (568, 

831,1035,1673,2586,2797,3161,3220, 

3612,4314). Concordant bone marrow 

involvement also predicts an increased 

risk of CNS relapse and in some centres 

dictates CNS prophylaxis. 

Time (months) 
No. at risk 

GCB 59 49 43 39 34 28 

Non-GCB 28 17 11 8 6 3 

Time (months) 
No. at risk 

GCB 59 57 53 47 39 37 
Non-GCB 28 23 17 14 11 5 

Morphology 
There are many conflicting reports on 

the prognostic impact of immunoblastic 

features (1105,3009). Some studies have 

found an adverse prognostic impact of 

immunoblastic morphology, whereas oth¬ 

ers have not. Reproducibility and varia¬ 

ble criteria remain significant obstacles in 

these studies. The immunoblastic variant 

is associated with MYC translocations, 

typically involving IG loci. These cases 

frequently express CD10 (1685). 

Immunophenotype 
Many immunohistochemical markers 

have been reported to have prognostic 

impact, but most have not been vali¬ 

dated and are therefore not accepted as 

robust or routine biomarkers (212,2397, 

2917). All biomarkers require reassess¬ 

ment using standard of care therapy. De 

novo CD5+ DLBCL is variably reported 

to have prognostic importance (754, 

2681,2879,4399). It is often associated 

with high-risk clinical features, espe¬ 

cially in Asian countries, and is usually 

of ABC subtype (1110,2681,4406). BCL2 

Non-GCB 22 20 14 10 5 4 

Non-GCB 22 21 18 13 6 6 

and BCL6 are examples of biomarkers 

of which the reported prognostic effect 

was altered by the addition of rituximab 

to the CHOP chemotherapy regimen 

(2766,4337). Many of these immunohis- 

tochemistry-based biomarkers reflect bi¬ 

ology, but are not predictive. Moreover, 

the results obtained in these studies are 

often conflicting, and their interpretation 

is therefore controversial. The current 

emphasis is on developing predictive 

biomarkers in DLBCLs where knowledge 

of a biomarker impacts an initial or sub¬ 

sequent therapeutic decision. Predictive 

markers currently include markers for the 

determination of cell of origin (i.e. GCB 

subtype vs ABC subtype) being tested 

now in the context of phase III clinical tri¬ 

als and markers of the presence of rel¬ 

evant oncogene translocations (see be¬ 

low), in partioular involving the MYC gene 
(3601). A recent meta-analysis clearly es¬ 

tablished the prognostic significance of 

oell of origin as determined by gene ex¬ 

pression profiling, but not based on most 

immunohistochemical algorithms (3325). 

More controversial is the assessment of 

Fig. 13.107 Diffuse large B-cell lymphoma (DLBCL). Outcomes of historical control patients treated with the 

CHOP chemotherapy regimen plus rituximab (R-CHOP) and study patients treated with lenalidomide added to 

R-CHOP (R2CH0P), in the germinal centre B-cell (GCB) versus the activated B-cell (ABC; non-GCB) subtypes 
of DLBCL. A Progression-free survival (PFS) of patients treated with R-CHOP. B PFS of patients treated with 

R2CH0P. C Overall survival (OS) of patients treated with R-CHOP. D OS of patients treated with R2CHOP {2903}. 

Lenalidomide is effective in patients with ABC lymphomas, mitigating the negative impact of the ABC phenotype on 

patient outcome. 
From: Nowakowski GS, et al. (2015) Lenalidomide combined with R-CHOP overcomes negative prognostic impact 

of non-germinal center B-cell phenotype in newly diagnosed diffuse large B-cell lymphoma: a phase II study. (2903) 

Reprinted with permission. ©2015 American Society of Clinical Oncology. All rights reserved. 
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the double-expression status of MYC and 

BCL2 proteins, found in approximately 

30% of all cases of DLBCL, NOS, and 

associated with inferior survival in most 

studies (2686,3523). Double-expression 

status also predicts an increased risk of 

CNS relapse in DLBCL, NOS, and is in¬ 

dependent of the CNS International Prog¬ 

nostic Index (CNS-IPI) (3539). Cases 

with MYC and BCL2 double-expression 

that have rearrangements of these genes 

or of MYC and BCL6 belong in the high 

grade B-cell lymphoma, with MYC and 

BCL2 and/or BCL6 rearrangements cat¬ 

egory. CD30 expression in EBV-negative 

DLBCL (occurring in -10-20% of cases), 

excluding primary mediastinal large B- 

cell lymphomas. Is associated with a fa¬ 

vourable outcome In some studies (1542, 

1717,3696). CD30 expression might have 

therapeutic implications with the exist¬ 

ence of anti-CD30 therapy. 

Proliferation 
The prognostic importance of a high 

proliferative fraction, as assessed by the 

Ki-67 proliferation index, is controversial. 

The findings of studies from both the 

CHCP and the R-CHCP eras are often 

conflicting and are typically confounded 

by the lack of consideration of patient 

age, other clinical variables, and the ceil 

of origin status (1866,2069,2922,4085). 

Genetics 
In some studies, the presence of a BCL2 
translocation is associated with inferior 

outcome in GCB DLBCL in patients treat¬ 

ed with R-CHOP (270,1769,4200). BCL2 
copy-number gain predicts inferior sur¬ 

vival in the ABC subtype (2404). Trans¬ 

location of BCL6 is more frequent in ABC 

DLBCL, and in some studies it has been 

associated with improved survival (272, 

1768,3667). MYC translocations occur in 

about 8-14% of DLBCL, NOS, cases and 

are associated with inferior survival (269, 

802,3537,4085), Published data are con¬ 

founded by whether or not FISH Is also 

performed for additional oncogenes. 

including BCL2 and BCL6. Most stud¬ 

ies have confirmed that MYC and BCL2 
double-hit lymphomas are much more 

common among GCB cases and are as¬ 

sociated with inferior survival (194,269, 

1865,3601). The prognostic relevance 

of MYC and 6CL6 translocations is more 

controversial, because studies are con¬ 

tradictory (2304,3183,4422); these trans¬ 

locations are more common within the 

ABC subtype (3183,3601,4422). These 

double-hit lymphomas are now excluded 

from DLBCL, NOS and diagnosed as 

high-grade B-cell lymphoma with MYC 

and BCL2 and/or BCL6 rearrangements 

(p. 335), Cases of DLBCL with MYCtrans- 

locations only are also associated with 

decreased survival in some series (551, 

778,802,848,4085,4398). The results for 

MYC copy-number gains or amplification 

suggest inferior outcomes, but are incon¬ 

sistent, in part due to the varying defini¬ 

tions of gain versus amplification (2404, 

3770,3947,4109,4432). TP53 loss and/ 

or mutations are associated with inferior 

survival (4400,4445). Deletions of the 

CDKN2A locus on chromosome 9p21 

and trisomy 3 are also associated with 

diminished survival. In particular with 

the ABC subtype (1839,2271), Definitive 

data regarding the prognostic role of oth¬ 

er recurrently mutated genes In DLBCL, 

with the exception of FOX01, are lacking 

(4060), There are increasing expecta¬ 

tions that at least some of the mutations 

found in DLBCL will become important in 

the development of future targeted thera¬ 

pies (1763,3405). 

Microenvironment 
Gene expression profiling studies indi¬ 

cate a prognostic role for both non-neo¬ 

plastic cells and extracellular matrix com¬ 

ponents in the tumour microenvironment 

in DLBCL (3600). Stromal-1 (extracellular 

matrix deposition and histiocytic infiltra¬ 

tion) and stromal-2 (tumour blood vessel 

densIty/angiogenesIs) signatures have 

been shown to be prognostic in the cur¬ 

rent R-CHOP treatment era (2273). 

A two-gene expression signature includ¬ 

ing one gene representing the micro¬ 

environment {TNFRSF9) has also been 

shown to predict prognosis (68). Mutation 

landscape studies in DLBCL highlight 

a number of recurrently mutated genes 

targeting the cross-talk between malig¬ 

nant B cells and non-neoplastic ceils, 

including mutations and aberrant protein 

expression of beta-2 microglobulin and 

CD58 (635,2745). Congruent data have 

also shown that loss of MHC class II is 

associated with decreased tumour-infil¬ 

trating CD8-I- T cells and inferior outcome 

(3360,3361). immune escape mecha¬ 

nisms are also important oncogenic driv¬ 

ers in DLBCL. Overexpression of PDL1 in 

DLBCL, NOS, has been shown to be as¬ 

sociated with inferior survival (2036). The 

prognostic role of other immune cells and 

the assessment of these cells in the pe¬ 

ripheral blood remain less well studied. 

MicroRNA 
Several studies have linked specific mi- 

croRNA expression patterns with out¬ 

come in DLBCL (56,1772). More recently, 

somatic mutations involving microRNAs 

have been shown to be prognostic in 

DLBCL and to be independent of both 

cell of origin and the IPI (2328). 

Flost genetics 
Analysis of host genetics has recently 

been shown to be prognostic in DLBCL, 

NOS. SNPs involving loci at 5q23,2 and 

6q21 have been associated with event- 

free survival in patients with DLBCL treat¬ 

ed with R-CHOP (1351). 

Therapy 
The standard of care for the treatment 

of advanced-stage DLBCL, NOS, is R- 

CHOP. Other regimens exist, but it is 

unclear whether these provide an overall 

survival benefit (3611). Attempts to im¬ 

prove the survival of ABC DLBCLs, are 

currently being made with the addition of 

novel agents to an R-CHOP backbone 

(1057,2562,2902,2903,2932,4334,4419). 
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T-cell/histiocyte-rich large 
B-cell lymphoma 

Ott G. 
Delabie J, 
Gascoyne R.D. 
Campo E. 
Stein H, 
Jaffe E.S. 

Fig. 13.108 T-cell/histiocyte-rich large B-cell lymphoma. A Lymph node. B Bone marrow. C CD20 stain highlights 
the large neoplastic B cells. 

Definition 
T-cell/histiocyte-rich large B-cell lym¬ 
phoma (THRLBCL) is characterized by a 
limited number of scattered, large B cells 
embedded in a background of abundant 
T cells and histiocytes. THRLBCL may 
arise de novo; however, more recent data 
suggest the possibility of a closer rela¬ 
tionship with progression forms of nodular 
lymphocyte predominant Hodgkin lym¬ 
phoma (NLPHL) than previously thought, 
indicating that NLPHL may proceed to or 
contain areas indistinguishable from THR¬ 
LBCL. In small biopsies in particular, dif¬ 
ferentiating between a progression form 
of NLPHL (i.e. NLPHL with THRLBCL-like 
transformation) and de novo THRLBCL 
may be difficult, if not impossible. 

ICD-0 code 9688/3 

Synonyms 
T-cell-rich B-cell lymphoma; B-cell lym¬ 
phoma rich inT cells and simulating Hodg¬ 
kin disease; histiocyte-rich/T-cell-rich 
large B-cell lymphoma; T-cell-rich large 
B-cell lymphoma; T-cell-rich/histiocyte- 
rich large B-cell lymphoma; histiocyte- 
rich large B-cell lymphoma 

Epidemiology 
THRLBCL mainly affects middle-aged 
men. It accounts for < 10% of all DLBCLs. 

Localization 
THRLBCL mainly affects the lymph 
nodes, but bone marrow, liver, and 
spleen involvement is frequently found at 
diagnosis. 

Clinical features 
Patients present with fever, malaise, 
splenomegaly, and/or hepatomegaly. 
At diagnosis, almost half of cases are at 
an advanced Ann Arbor stage, with an 
intermediate-risk to high-risk International 
Prognostic Index (IPI) score (Table 13.24). 
The disease is often refractory to the 
chemotherapy regimens currently in use. 

Imaging 
Because of the important differential 

diagnosis with NLPHL, clinical staging 
procedures (including imaging analyses) 
are important. NLPHL usually affects one 
or two regions, whereas THRLBCL fre¬ 
quently manifests as systemic disease. 
Because THRLBCL is more PET-avid 
than is NLPHL, staging procedures such 
as FDG-PET and CT may facilitate the 
differential diagnosis {246}. 

Microscopy 
THRLBCL has a diffuse or less common¬ 
ly vaguely nodular growth pattern replac¬ 
ing most of the normal lymph node pa¬ 
renchyma. It is composed of scattered, 
single large B cells embedded in a back¬ 
ground of small T cells and variable num¬ 
bers of histiocytes. The tumour cells are 
always dispersed and do not form aggre¬ 
gates or sheets. These cells may mimic 
the neoplastic lymphocyte predominant 

(LP) cells of NLPHL, but usually show 
greater variation in size and, in some oas¬ 
es, may resemble centroblasts or more 
pleomorphic cells, mimicking Reed- 
Sternberg or Hodgkin cells {19,3299}. 
They are typically found within clusters of 
bland-looking non-epithelioid histiocytes 
that may not be obvious on conventional 
examination. These histiooytes are a main 
and distinctive component of THRLBCL 
and are useful for the diagnosis {1448}. 
Nearly all of the background lymphocytes 
are of T-cell lineage, with typically only 
very few scattered B cells. Meshworks of 
follicular dendritic cells are absent. Eo¬ 
sinophils and plasma cells are not found. 
De novo THRLBCLs are usually diffuse 
and do not show the typical small B-cell 
background of NLPHL, However, there 
are cases of NLPHL in which the small 
B cells are diminished in number, and in 
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which nodular very T-cell rich areas can 

be seen. Follow-up data suggest that 

these variant histologies may negatively 

affect prognosis {1572}, and there are 

some cases of histological progression in 

NLPHL, in which the process is entirely 

diffuse and the histological appearance is 

virtually indistinguishable from that of de 

novo THRLBCL, constituting THRLBCL- 

iike transformation. More recent genetic 

and gene expression data suggest that 

the relationship between de novo THR¬ 

LBCL and secondary THRLBCL may be 

closer than previously thought. 

In cases predominantly affeoting the 

spleen, there is a multifocal or micronod- 

ular involvement of the white pulp; in the 

liver, the lymphomatous foci are localized 

in the portal tracts {1014}. In these ex- 

tranodal locations as well as in the bone 

marrow, the lymphoma is characterized 

by the same composition as in the lymph 

node. 

On recurrence, the number of atypical 

cells may increase, resulting in a picture 

of DLBCL, which portends an inferior out¬ 

come {19}. 

Several studies have recognized cases 

with similar morphology but without his¬ 

tiocytes. Whether these cases constitute 

the same entity as typical THRLBCL is not 

yet clear. Studies ineluding cases rich in 

T cells with and without histiocytes have 

defined a more heterogeneous group of 

large B-cell lymphomas, which probably 

include more than one entity {13,1448, 

2118,2330,3299}. Further studies should 

clarify the relationship between these 

lymphomas. Although cases lacking 

significant numbers of histiocytes may 

currently be included in the THRLBCL 

category, the paucity or absence of his¬ 

tiocytes should be noted. Lymphomas 

Table 13.24 T-cell/histiocyte-rich large B-cell 

lymphoma 

Median patient age 

Male 

Stage l!l-IV 

Liver involvement 

Spleen involvement 

Bone marrow 

involvement 

Data based on 277 cases of patients with T-cell/ 

histiocyte-rich large B-cell lymphoma in the 

literature {8A,428,429A,1240,2384A,2437A, 

3362A,4000A,4070A,4249A}. 

12- 61 years 

75% 

64% 

13- 70% 

33-67% 

17-60% 

containing B cells with a spectrum of cell 

size, morphology, and distribution (clus¬ 

ters or sheets of medium-sized to large 

B cells) should not be included within the 

category of THRLBCL, and may be con¬ 

sidered a subtype of DLBCL, NOS. 

Immunophenotype 
The large atypical cells express pan-B- 

cell markers such as CD19, CD20, and 

CD79a. BCL6 is also positive. A variable 

number stain for BCL2 and EMA, and no 

expression of CD15, CD30, or CD138 is 

found. The background is composed of 

variable numbers of CD68+ and CD163-I- 

histiocytes and CD3-i- and CDS-i- T cells. 

T-cell rosettes around the tumour cells 

and remnants of B-cell follicles or clusters 

of small B lymphocytes are absent in de 

novo THRLBCL {2822}. CD279/PD1 ro¬ 

settes are a feature of NLPHL, and may 

be seen in cases progressing to a diffuse 

pattern resembling THRLBCL. However, 

the presence or absence of CD279/PD1-I- 

T cells is not specific for NLPHL. Lack 

of residual IgD-t- mantle cells and lack of 

follicular dendritic cell meshworks are of 

further diagnostic help in differentiating 

de novo THRLBCL from NLPHL {18,1240}. 

There are aggressive B-cell lymphomas, 

rich in reactive T cells, in which the neo¬ 

plastic cells are sparse and EBV-positIve. 

In some cases, the neoplastic cells exhibit 

a Hodgkin-like morphology. Such cases 

should not be classified as THRLBCL, and 

should be considered within the spectrum 

of EBV-positive DLBCL {2330,2867}. 

Postulated normal counterpart 
A germinal centre B cell 

Genetic profile 
The tumour B cells harbour clonally re¬ 

arranged IG genes carrying high num¬ 

bers of somatic mutations and intraclonai 

diversity indicating derivation from germi¬ 

nal centre cells {487}. 

Limited karyotypic studies failed to show 

recurrent abnormalities. Comparative 

genomic hybridization on microdis- 

sected tumour cells demonstrated more 

imbalances in NLPHL than in THRLBCL 

{1246}. However, more recent array com¬ 

parative genomic hybridization stud¬ 

ies showed that the number of genomic 

aberrations was higher in THRLBCL 

than in typical and THRLBCL-like vari¬ 

ants of NLPHL {1571}. Gains of 2p16.1 

and losses of 2p11.2 and 9p11.2 were 

recurrent aberrations in both typical 

and THRLBCL-like variants of NLPHL, 

as well as in THRLBCL. Expression of 

the REL protein was observed at similar 

frequencies in NLPHL and THRLBCL. 

Gene expression profiling has identified 

a subgroup of DLBCL characterized by 

a host immune response and a very bad 

prognosis {2719), which includes most 

of the cases diagnosed as THRLBCL. 

Microdissected histiocytes from NLPHL 

and THRLBCL showed similar gene ex¬ 

pression profiles, expressing genes re¬ 

lated to proinflammatory and regulatory 

macrophage activity. Unlike histiocytes 

of NLPHL, those from THRLBCL strongly 

expressed metal-binding proteins {1576}. 

Overall, more recent expression profiling 

and genetic studies have revealed simi¬ 

larities between NLPHL and THRLBCL 

that suggest that these entities may 

constitute a pathobiological continuum 

with various clinical presentations {1570, 

1576}. 

Prognosis and predictive factors 
THRLBCL is considered an aggressive 

lymphoma, although clinical heterogene¬ 

ity is described. Cases with histiocytes 

are reported to define a more homo¬ 

geneous group of patients with a very 

aggressive lymphoma and frequent fail¬ 

ure of current therapies. The IPI score is 

the only known parameter of prognostic 

significance {19,428}. 

Fig. 13.109 T-cell/histiocyte-rich large B-cell lymphoma. A Small lymphocytes correspond to CD3-positive 

T cells. B A large proportion of histiocytes stained for CD68. 
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Primary diffuse iarge B-ceil iymphoma 
of the CNS 

Kluin RM. 

Deckert M. 

Ferry J.A. 

Fig. 13.110 Primary diffuse large B-cell lymphoma of the CNS. Nuclear MRI. Tl-weighted image after gadolinium 

injection (A) and FLAIR sequences (B). There are two enhancing mass lesions in the basal ganglia. 

Definition 
Primary diffuse large B-cell lymphoma 

(DLBCL) of the CNS is defined as DLBCL 

arising within the brain, spinal cord, lep- 

tomeninges or eye. Excluded are lym¬ 

phomas of the dura, intravascular large 

B-cell lymphomas, lymphomas with evi¬ 

dence of systemic disease or secondary 

lymphomas, and all immunodefioienoy- 

associated lymphomas. 

ICD-0 code 9680/3 

Synonyms 
Primary CNS lymphoma; primary intraoc¬ 

ular lymphoma; lymphomatosis cerebri 

(no longer recommended) 

Epidemiology 
CNS DLBCL accounts for <1% of all 

non-Hodgkin lymphomas and 2.4-3% 

of all brain tumours |3556}. The overall 

annual incidence rate of CNS DLBCL 

is 0.47 cases per 100 000 population 

|4196}. This lymphoma can affect pa¬ 

tients of any age, with a peak incidence 

in the fifth to seventh decade of life, a 

median patient age of 56 years, and a 

male-to-female ratio of 3:2. In the past 

two decades, an increased incidence 

has been reported among patients aged 

>60 years {821,4196}. 

Etiology 
In immunocompetent individuals, the eti¬ 

ological factors are unknown. Viruses, in¬ 

cluding EBV, HHV6 {3114}, HHV8 {2708}, 

and the polyomaviruses SV40 and 

BK virus {2705,2795}, do not play a role. 

Pathogenically, expression or absence of 

chemokines and ohemokine receptors or 

cytokines may contribute to the specific 

localization {3706}. Tumour oells and en¬ 

dothelial cells may interact via activation 

of IL4 to create a favourable microenvi¬ 

ronment for tumour growth {3443}. 

Tumour cells of CNS DLBCL recognize 

proteins present in the CNS via their 

poly-reactive B-cell receptor, and thus 

have the capacity to stimulate B-cell 

receptor signalling. This interaction be¬ 

tween CNS antigens and the lymphoma 

cells may also contribute to organ restric¬ 

tion {2710}. Upon relapse, CNS DLBCLs 

show a restricted homing to the main im¬ 

mune sanctuaries (i.e. the brain, eyes, 

and testes) {416,1552,1828,3289}, and 

primary testicular and intraocular lym¬ 

phomas frequently spread to the CNS 

{4205}, suggesting that the tumour cells 

need to hide in an immune sanctuary. 

Many DLBCLs of the CNS and testis 

show decreased or absent expression of 

HLA class I and II proteins, allowing the 

tumour cells to further escape from im¬ 

mune attack {415,3355}. 

Localization 
About 60% of CNS DLBCLs involve the 

supratentorial space, including the frontal 

lobe (affected in 15% of cases), temporal 

lobe (in 8%), parietal lobe (in 7%), occipi¬ 

tal lobe (in 3%), basal ganglia and perive¬ 

ntricular brain parenchyma (in 10%), and 

corpus callosum (in 5%). Less frequently 

affected sites include the posterior fossa 

(affected in 13% of cases) and spinal cord 

(in 1%) {919}. A single tumour is present 

in 60-70% of cases, with the remainder 

presenting as multifocal disease {919). 

The leptomeninges may be involved, but 

exclusive meningeal manifestation is unu¬ 

sual. Approximately 20%> of patients pre¬ 

sent with or develop intraocular lesions, 

and 80-90% of patients with intraocular 

DLBCL develop contralateral tumours 
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Fig. 13.111 Primary diffuse large B-cell lymphoma of the CNS. A Histology of a case with very scarce lymphoma 

cells (arrows). B CD20 immunohistochemistry highlights the neoplastic cells. 
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Fig. 13.112 Primary diffuse large B-cell lymphoma of the CNS, A Accumulation of tumour cells within the perivascular space. B More-solid pattern, still with some accumulation in 

the perivascular space. C Numerous tumour cells are strongly IRF4/MUM1-positive. 

and parenchymal CNS lesions. Dissemi¬ 

nation to extraneural sites, including the 

bone marrow, is very rare; in these cases, 

preferential spread to the testis has been 

noted {416,1552,1828,3289). 

Clinical features 
Patients more frequently present with 

cognitive dysfunction, psychomotor 

slowing, and focal neurological symp¬ 

toms than with headache, seizures, and 

cranial nerve palsies. Blurred vision and 

eye floaters are symptoms of ocular in¬ 

volvement (293,2084,3128). 

Imaging 
MRI is the most sensitive technique for 

detecfing CNS DLBCL, which is hypoin- 

tense on Tl-weighted and isointense to 

hyperintense on T2-weighted images, 

typically appearing densely enhancing on 

postcontrast images. Peritumoural oede¬ 

ma is relatively limited, and less extensive 

than in malignant gliomas and metasta- 

ses {2084}. Meningeal involvement may 

present as foci of abnormal contrast en¬ 

hancement (2161). With steroid therapy, 

lesions may vanish within hours (919). 

Macroscopy 
As observed in postmortem examination, 

CNS DLBCL occurs as single or multiple 

masses in the brain parenchyma, most 

frequently in the cerebral hemispheres. 

The masses are often deep-seated and 

adjacent to the ventricular system. The 

tumours can be firm, friable, granular, 

haemorrhagic, and greyish-tan or yellow, 

with central necrosis or virtually indis¬ 

tinguishable from the adjacent neuropil. 

Demarcation from surrounding paren¬ 

chyma is variable. Some tumours appear 

well delineated, like metastases. When 

diffuse borders and architectural efface- 

ment are present, the lesions resemble 

gliomas. Like malignant gliomas, the tu¬ 

mours may diffusely infiltrate large areas 

of the hemispheres without forming a dis- 

finct mass. Meningeal involvement may 

resemble meningitis or meningioma, but 

can also be grossly inconspicuous. 

Microscopy 
CNS DLBCLs are usually highly cellu¬ 

lar, diffusely growing tumours. Centrally, 

large areas of geographical necrosis 

are common, which may harbour viable 

perivascular lymphoma islands. At the 

periphery, this perivascular infiltration 

pattern is frequent. Infiltration of cerebral 

blood vessels causes fragmentation of 

the argyrophilic fibre network. From these 

perivascular cuffs, tumour cells invade 

the neural parenchyma, either with a well- 

delineated invasion front with small clus¬ 

ters or with single tumour cells diffusely 

infiltrating the tissue; this is accompanied 

by a prominent astrocytic and microglial 

activation and a reactive inflammatory 

infiltrate consisting of mature T cells and 

B cells and sometimes also many foamy 

histiocytes. In some cases, a distinct tu¬ 

mour mass is difficult to identify on imag¬ 

ing and the biopsy may have been taken 

from the periphery, resulting in the finding 

of an entirely interstitial pattern with iso¬ 

lated tumour cells intermingled between 

astrocytes. In such cases, immunohistol- 

ogy with CD20 or other B-celi markers is 

necessary to identify the lymphoma cells. 

Cytomorphologicaliy, CNS DLBCL con¬ 

sists of atypical cells with medium-sized 

to large round, oval, irregular, or pleo¬ 

morphic nuclei and distinct nucleoli, 

corresponding to centroblasts or immu- 

noblasts. Some cases show a relatively 

monomorphic cell population with inter¬ 

mingled macrophages, mimicking Burkitt 

lymphoma. 

Stereotactic biopsy is the gold standard 

for establishing the diagnosis and clas¬ 

sification of CNS lymphomas. It is impor¬ 

tant to withhold corticosteroids before bi¬ 

opsy, because they induce rapid tumour 

shrinkage. Corticosteroids have been 

shown to prevent diagnosis in as many 

as 50% of patients {485}, 

Immunophenotype 
The tumour cells are mature B cells with a 

PAX5-r, CD19-r, CD20-r, CD22-r, CD79a-h 

phenotype. IgM and IgD, but not IgG, are 

expressed on the cell surface (2713), with 

either kappa or lambda light chain restric¬ 

tion. Most cases express BCL6 (60-80% 

of cases) as well as IRF4/MUM1 (90% 

of cases), whereas plasma cell markers 

(CD38 and CD138) are usually negative. 

CD10 is expressed by <10% of these 

lymphomas (918), but is more frequent in 

systemic DLBCL; therefore, CD10 posi¬ 

tivity in a CNS lymphoma with DLBCL 

characteristics should prompt an intense 

search for systemic DLBCL that has dis¬ 

seminated to the CNS. 

HLA-A, HLA-B, HLA-C, and HLA-DR are 

variably expressed, with approximately 

50% of CNS DLBCLs having lost major 

histocompatibility complex (MHC) class I 

and/or II expression (415,3356), 

BCL2 expression is common, but not 

related to t(14;18)(q32;q21) (774). About 

82% of all cases of CNS DLBCL have a 

BCL2-high, MYC-high phenotype (478). 

Mitotic activity is brisk; the Ki-67 (MIB1) 

proliferation index is usually >70% and 

can even be >90% (478). Except in rare 

cases, there is no evidence of EBV infec¬ 

tion (2709); the presence of EBV should 

prompt evaluation for an underlying 

immunodeficiency. 

Postulated normal counterpart 
A late germinal centre exit B cell arrest¬ 

ed in terminal B-cell differentiation that 

shares genetic characteristics with both 

activated B cells and germinal centre 

B cells (2706) 
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Pathogenesis of PCNSL 
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Fig. 13.113 Pathogenesis of primary diffuse large B-cell lymphoma of the CNS (PCNSL). ASHM, aberrant somatic 
hypermutation; BCR, B-cell receptor; CSR, class-switch recombination; SHM, somatic hypermutation. 

Genetic profile 
Because the tumour cells correspond 

to late germinal centre exit B cells with 

blocked terminal B-cell differentiation, 

they carry rearranged and somatically 

mutated IG genes with evidence of on¬ 

going somatic hypermutation (2709, 

3127,3990). Consistent with the ongo¬ 

ing germinal centre programming, they 

show persistent BCL6 activity (478). The 

process of somatic hypermutation is not 

confined to its physiological targets (IG 

and BCL6 genes), but extends to other 

genes that have been implicated in tum- 

origenesis, including BCL2, MYC, PIM1, 
PAX5, RHOH (also called TTF), KLHL14, 
OSBPL10, and SUSD2 (482,2715,4163). 

The fixed IgM/lgD phenotype of the tu¬ 

mour cells is in part due to miscarried 

IG class-switch rearrangements during 

which the S-mu region is deleted (2713). 

PRDM1 mutations also contribute to im¬ 

paired IG class-switch recombination 

(825). 

Translocations recurrently affect the IG 

genes (in 38% of cases) and BCL6 (in 

17-47%), whereas MYC translocations 

are rare and BCL2 translocations are 

absent (478,519,2716). FISH and ge¬ 

nome-wide SNP analyses have revealed 

recurrent gains of genetic material most 

frequently affecting 18q21.33-23 (in 43% 

of cases), including the BCL2an6 MALTI 
genes; chromosome 12 (in 26%); and 

10q23.21 (in 21%) (3595), 

Loss of genetic material most frequently 

involves 6q21 (in 52% of cases), 6p21 (in 

37%), 8q12.1-12,2 (in 32%), and 10q23,21 

(3595). Heterozygous deletions, homozy¬ 

gous loss, or copy-neutral LOH of chro¬ 

mosomal region 6p21.32 affects 73% of 

CNS DLBCLs; the 6p21 region harbours 

the MHC class II encoding genes HLA- 
DRB, HLA-DQA, and HLA-DQB (1883, 

3355,3595). Approximately 50% of CNS 

DLBCLs have lost expression of HLA 

class I and II gene products (415,3356), 

The MYD88 L265P mutation is highly re¬ 

current; present in more of half of the cas¬ 

es (2707), Other pathways involving the 

B-cell receptor, the toll-like receptor, and 

the NF-kappaB pathway are frequently 

activated due to genetic alterations af¬ 

fecting the genes CD79B (in 20% of cas¬ 

es), INPP5D (also called SHIP] in 25%), 

CBL (in 4%), BLNK (in 4%), CARD11 (in 

16%), MALT1 (in 43%), and BCL2 (in 

43%), which may foster proliferation and 

prevent apoptosis (665,1403,2097,2707, 

2712,2714,3595). 

Epigenetic changes may also contribute 

to CNS DLBCL pathogenesis, including 

gene silencing by DNA methylation. Hy- 

permethylation of DAPK1 (seen in 84% 

of cases), CDKN2A (in 75%), MGMT (in 

52%), and RFC(\r\ 30%) may be of poten¬ 

tial therapeutic relevance (753,774,1194, 

3595). 

Prognosis and predictive factors 
Patients with CNS DLBCL have a remark¬ 

ably worse outcome than do patients 

with systemic DLBCL. Older patient age 

(>65 years) is a major negative prognos¬ 

tic factor and is associated with reduced 

survival as well as an increased risk of 

neurotoxicity related to therapy (14,2084), 

High-dose methotrexate-based poly¬ 

chemotherapy is currently the treatment 

of choice (2084). The inclusion of whole- 

brain irradiation may improve outcome, 

but carries the risk of neurotoxicity re¬ 

sulting in severe cognitive, motor, and 

autonomic dysfunction, particularly in el¬ 

derly patients (14). Most protocols report 

a median progression-free survival of 

about 12 months and an overall survival 

of approximately 3 years. In a subgroup 

of elderly patients with methylated MGMT 
within the lymphoma cells, temozolomide 

monotherapy appeared to be therapeuti¬ 

cally effective (2144). 

On biopsy, the presence of reactive 

perivascular CD3-i- T-cell infiltrates has 

been associated with improved survival 

(3213). LM02 protein expression by the 

tumour cells has been associated with 

prolonged overall survival (2394). BCL6 

expression has been suggested as a 

prognostic marker, although conflicting 

favourable versus unfavourable conclu¬ 

sions have been reported (2694,3237, 

3308,3727), Del(6)(q22) has been asso¬ 

ciated with inferior overall survival (519, 

1403). 

With improvement of outcome, some 

sporadic systemic relapses have been 

observed; these can involve any organ, 

but relatively frequently involve the testis 

and breast (1828). 
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Primary cutaneous diffuse iarge B-cell wNemzeR 
^ ^ Vergier B. 

iymphoma, ieg type Duncan L.M. 

Definition 
Primary cutaneous diffuse large B-cell 

lymphoma (PCLBCL), leg type, Is a 

PCLBCL composed exclusively of cen- 

troblasts and immunoblasts, most com¬ 

monly arising in the leg, 

ICD-0 code 9680/3 

Epidemiology 
PCLBCL, leg type, accounts for 4% of 

all primary cutaneous lymphomas and 

20% of all primary cutaneous B-cell lym¬ 

phomas {1530,4320}. It typically occurs 

in elderly patients, in particular women, 

with a male-to-female ratio of 1:3-4, The 

median patient age is in the seventh dec¬ 

ade of life {4189}, 

Localization 
These lymphomas preferentially affect 

the lower legs, but 10-15% of cases arise 

at other sites {2062,3623,4499}, 

Clinical features 
PCLBCL, leg type, presents with red or 

bluish-red, often rapidly growing tumours 

on one or both of the lower legs {1421, 

2062,4189,4499}. These lymphomas fre¬ 

quently disseminate to extracutaneous 

sites. 

Microscopy 
These lymphomas are composed of a 

monotonous, diffuse, non-epidermotro- 

pic infiltrate of confluent sheets of cen- 

troblasts and immunoblasts {1421,4189}, 

Mitotic figures are frequently observed. 

Small B cells and CD21-i-/CD35-h follicu¬ 

lar dendritic cell meshworks are absent. 

Reactive T cells are relatively few and are 

often confined to perivascular areas, 

Immunophenotype 
The neoplastic B cells express mono- 

typic immunoglobulin, CD20, and CD79a. 

Unlike primary cutaneous follicle centre 

lymphomas, PCLBCLs, leg type, usu¬ 

ally strongly express BCL2, IRF4/MUM1, 

FOXP1, MYC, and cIgM, with coexpres¬ 

sion of IgD in 50% of cases {953,1318, 

1409,1424,1653,1654,2062,2065,2066}. 

Flowever, BCL2 and IRF4/MUM1 expres¬ 

sion are absent in approximately 10% of 

the cases, {2062,3623}. The proliferation 

rate is high. BCL6 is expressed by most 

cases, but may be dim, whereas CD10 

staining is usually negative {1654}. 

Postulated normal counterpart 
A peripheral B cell of post-germinal 

centre origin 

Genetic profile 
PCLBCL, leg type, has many genetic 

similarities with diffuse large B-cell 

lymphomas arising at other sites, but 

shows marked differences from pri¬ 

mary cutaneous follicle centre lym¬ 

phoma, PCLBCL, leg type, has the 

gene expression profile of the ABC 

subtype of DLBCL {1653}. Interphase 

Fig. 13.114 Primary cutaneous diffuse large B-cell 

lymphoma, leg type. Typical clinical presentation with 

tumours on a leg. 

FISH analysis frequently shows trans¬ 

locations involving MYC or BCL6, 
and IGH genes in PCLBCL, leg type 

{1524}. High-level DMA amplifications 

of 18q21.31-21.33, including the BCL2 
and MALT1 genes, are detected in 67% 

of cases by array comparative genomio 

hybridization and FISH analyses {986}. 

Amplification of BCL2 may well explain 

the strong BCL2 expression in these 

cases, particularly given that t(14;18) 

is not found {986,1525}. Loss of the 

CDKN2A and CDKN2B gene loei on 

chromosome 9p21,3, due to either 

gene deletion or promoter methylation, 

has been reported in as many as 67% 

of PCLBCLs, leg type, and correlates 

with an adverse prognosis {986,3625}. 

MYD88 L265P mutation, found in 60% 

of cases, and mutations in various com¬ 

ponents of the B-cell receptor signalling 

pathway, including CARD11 (in 10% of 

Fig. 13.115 Primary cutaneous diffuse large B-cell lymphoma, leg type, A Note the large transformed cells with prominent nucleoli. B Strong cytoplasmic staining for IgM, 
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Fig. 13.116 Primary cutaneous diffuse large B-cell lymphoma, leg type. A Strong cytoplasmic staining for BCL2. B Neoplastic cells show nuclear staining for BCL6. C Neoplastic 

ceils show nuclear staining for IRF4/MUM1. 

cases), CD79B (in 20%), and TNFAIP3 
(encoding TNFAIP3, also called A20; 

In 40%), strongly suggest constitutive 

NF-kappaB activation in PCLBCL, leg 

type {2067,3163,3165}, The sinnilarities 

in gene expression profile and cytoge¬ 

netic alterations, including transloca¬ 

tions and NF-kappaB activating muta¬ 

tions, underscore that PCLBCL, leg 

type, may be considered a cutaneous 

counterpart of activated B-cell subtype 

diffuse large B-cell lymphoma {3165}. 

Prognosis and predictive factors 
Earlier studies reported a 5-year survival 

rate of approximately 50% {1421,1422, 

4189}. Ho\A/ever, recent studies have re¬ 

ported a significantly better clinical out¬ 

come for patients when rituximab is add¬ 

ed to a multiagent chemotherapy (CHOP 

or CHOP-like) regimen {1423,1530}. Multi¬ 

ple skin lesions at diagnosis, inactivation 

of CDKN2A, and MYD88 L265P mutation 

have been reported to be associated 

with an inferior prognosis {986,1421,1422, 

3162,3623,3625}. 

EBV-positive diffuse large B-cell lymphoma, Nakamura S. 
J 3.f f © E S 

not otherwise specified (NOS) Swerdlow S.H, 

Definition 
EBV-positive diffuse large B-cell lympho¬ 

ma (DLBCL), NOS, is an EBV-positive 

clonal B-cell lymphoid proliferation {780, 

1017,2701,2867,2957,3018,3019,3063, 

3661}. Excluded from this category are 

cases of lymphomatoid granulomatosis, 

cases with evidence of acute or recent 

EBV infection, other well-defined lympho¬ 

mas that may be EBV-positive (such as 

plasmablastic lymphoma and DLBCL as¬ 

sociated with chronic inflammation), and 

EBV-positive mucocutaneous ulcer (lo¬ 

calized EBV-driven proliferations affect¬ 

ing cutaneous or mucosal sites). 

This disease was formerly designated as 

EBV-positive DLBCL of the elderly, but 

the restriction to elderly patients has been 

removed; although the disease usually 

occurs in individuals aged >50 years, it 

can present over a wide age range {326, 

781,1675,2867,3661}. The NOS designa¬ 

tion has been added to emphasize the 

exclusion of the more specific types of 

EBV-positive lymphoma. Although many 

cases have a distinctive histological ap¬ 

pearance, routine EBV testing is required 

for all cases to be identified. The clinical 

outcome is variable {165,1017,1018,2867, 

3018,3019}. 

ICD-0 code 9680/3 

Synonyms 
EBV-positive diffuse large B-cell lympho¬ 

ma of the elderly; senile EBV-associated 

B-cell lymphoproliferative disorder; age- 

related EBV-positive lymphoproliferative 

disorder 

Epidemiology 
EBV-positive DLBCL accounts for 

<5-15% of DLBCLs among Asian 

and Latin American patients and <5% 

among western patients, with no docu¬ 

mented predisposing immunodeficiency 

{325,1017,1367,1674,2405,2701,2956, 

2957,3018,3019,3063}. Most cases oc¬ 

cur in patients over age 50, with a peak 

in the eighth decade {3661}. However, 

cases also occur in younger patients 

sporadically, with a second smaller peak 

in the third decade {2867}. EBV-positive 

DLBCL is more common in males, with 

a male-to-female ratio of 1.2-3.6;1 {1017, 

1675,2867,3018,3019,3661}. 

Etiology 
The increased incidence of EBV-positive 

DLBCL in older patients is believed to 

be related to immunosenescence {1017, 

2746,3018,3019}. Alterations in the im¬ 

mune microenvironment may play a role 

at any patient age {668,2867}. 

Localization 
Nodal or extranodal sites can be involved. 

The most common extranodal sites are 

the lungs and gastrointestinal tract {1017, 
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Fig. 13.117 EBV-positive diffuse large B-cell lymphoma. A This polymorphic lesion shows geographical 

necrosis. B There is a mixed proliferation of immunoblasts and medium-sized lymphoid cells, as well as small reactive 

lymphocytes. C Monotonous proliferation of immunoblast-like or Hodgkin/Reed-Sternberg-like cells with prominent 

central nucleoli. 

3018.3019) . In young patients (aged 

<45 years), the disease is predominantly 

nodal, with only about 10% of cases show¬ 

ing extranodal involvement {2867,4087}. 

Approximately 5-10% of patients have 

both nodal and extranodal involvement. 

Clinical features 
The clinical features at presentation are 

variable (1017,1663,2867,3018,3019). 

More than half of the patients have a high 

or high-intermediate International Prog¬ 

nostic Index (IPI) score. Most patients 

have detectable EBV DNA In serum or 

whole blood, but this can also be seen 

In patients with EBV-negative DLBCL 

(2316,2961}. 

Microscopy 
The histological features overlap with 

those of other EBV-related lymphoid pro¬ 

liferations, Including EBV-positive classic 

Hodgkin lymphoma. The neoplastic com¬ 

ponent most often consists of a variable 

number of large transformed cells/lmmu- 

noblasts and Hodgkln/Reed-Sternberg- 

llke cells. There is a variable component 

of reactive elements, including small 

lymphocytes, plasma cells, histiocytes, 

and epithelioid cells. The rich back¬ 

ground of small lymphocytes and histio¬ 

cytes may resemble T-cell/histiocyte-rich 

large B-cell lymphoma, also referred to 

as the polymorphic pattern In some stud¬ 

ies (2867,4087). This is the most common 

pattern in young patients. Other cases 

are more monomorphic, and may be dif¬ 

ficult to distinguish from EBV-negative 

DLBCL without ancillary studies (165, 

780.1017.1018.2701.3018.3019) . Large 

areas of geographical necrosis and an- 

gioinvasion are other characteristic find¬ 

ings, but they are not always present. 

Immunophenotype 
The neoplastic cells are usually positive 

for the pan-B-cell antigens CD19, CD20, 

CD22, CD79a, and PAX5, and have an 

activated-B-cell immunophenotype, be¬ 

ing positive for IRF4/MUM1 and nega¬ 

tive for CD10 and commonly BCL6 (1017, 

2867,3018,3019). CD30 is frequently 

positive and CD15 is sometimes coex¬ 

pressed, but other phenotypic features 

typical of classic Hodgkin lymphoma 

are usually lacking (668,1017,2867). 

Light chain restriction may be difficult to 

demonstrate. EBNA2 and LMP1 are ex¬ 

pressed In 7-36% and >90% of cases, 

respectively, indicating type III and (more 

often) type II EBV latency (2867). The 

tumour cells often express PDL1 and 

PDL2, providing a mechanism for im¬ 

mune escape (668,2867,4431). 

In situ hybridization for EBV-encoded 

small RNA (EBER) Is mandatory for the 

diagnosis of EBV-positive DLBCL, NOS. 

With EBER in situ hybridization, more 

than 80% of the atypical cells are posi¬ 

tive. Small numbers of EBER-posItIve 

cells may be present as bystander B- 

cells In EBV-negative B-cell orT-cell lym¬ 

phomas (2867,2960,3821). 

Postulated normal counterpart 
A mature B cell, transformed by EBV 

Fig. 13.118 EBV-positive diffuse large B-cell lymphoma with a T-cell/histiocyte-rich large B-cell lymphoma-like pattern. A Scattered large tumour cells are observed in a 

lymphohistiocytic microenvironment. B Scattered large tumour cells are positive for CD20. C In situ hybridization for EBV-encoded small RNA (EBER) highlights scattered 

tumour cells. 
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Fig. 13.119 EBV-positive diffuse large B-cell lymphoma. A The nuclei of the large lymphoid cells are EBNA2-positive. 

positive. C In situ hybridization for EBV-encoded small RNA (EBER) reveals many positive cells. 

Genetic profile 
Clonality of the IG genes and EBV can 

usually be detected by molecular tech¬ 

niques, and is helpful for distinguishing 

polymorphous cases from reactive hy¬ 

perplasia and infectious mononucleo¬ 

sis (2867,3018,3019). Restricted/clonal 

T-cell receptor responses can be seen 

in some cases (1018,2867), but can 

also be present in other EBV-associated 

lymphoproliferations such as infectious 

mononucleosis (2447). IG translocations 

are uncommon (seen in -15% of cases). 

The presence of an IGH/M/C transloca¬ 

tion or variants should suggest a diag¬ 

nosis of plasmablastic lymphoma (2365, 

4110). Mutations in CD79B, CARD11, 

and MYD88, which are often found in 

the activated B-cell type of DLBCL, are 

absent (1316). Chromosomal gains at 

9p24.1 may contribute to increased ex¬ 

pression of PDL1 and PDL2 (4431). Gene 

expression profiling shows activation of 

the JAK/STAT and NF-kappaB pathways 

(1958,2956). 

Prognosis and predictive factors 
With an age cut-off point of 45 years, the 

prognosis of EBV-positive DLBCL differs 

significantly between elderly and young 

patients (P <0.0001) (1017,2867,3019). 

The disease is aggressive, with a median 

survival of about 2 years in elderly pa¬ 

tients, even when treated with rituximab 

B More than 50% of the large lymphoid cells are CD20- 

immunochemotherapy (1017,3019,3527, 

3820), but younger patients appear to 

have an excellent prognosis, with long¬ 

term complete remission in >80% (2867, 

4087). Cases with the T-cell/histiocyte- 

rich large B-cell lymphoma-like or poly¬ 

morphic pattern appears to have a better 

prognosis than do monomorphic EBV- 

positive DLBCL in young patients (1017, 

1018,2867). Positivity for CD30 (2956) 

and EBNA2 (3820) may have an adverse 

prognostic impact. In elderly patients, 

B symptoms and age >70 years appear 

to be adverse prognostic factors (3019); 

patients with neither, one, or both of these 

factors have median overall survival times 

of 56, 25, and 9 months, respectively. 
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EBV-positive mucocutaneous ulcer Gaulard P. 

Swerdlow S.H 

Harris N.L. 

Sundstrdm C. 

Jaffa E.S. 

Definition 
EBV-positive mucocutaneous ulcer 

(EBVMCU) is a newly recognized clinico- 

pathological entity occurring in patients 

with age-related or iatrogenic immuno¬ 

suppression, often with Hodgkin-like 

features and a typically indolent course, 

with spontaneous regression in some 

cases {1018}, It presents in cutaneous or 

mucosal sites. The most common site of 

involvement is the oral cavity, including 

gingiva. The outgrowth of the EBV-posi¬ 

tive cells may be related to local trauma 

or inflammation. 

ICD-0 code 9680/1 

Epidemiology 
The incidence of EBVMCU has not been 

established {498,971,1017,1018,2010, 

3852,4408}. EBVMCU occurs in a variety 

of clinical settings associated with defec¬ 

tive surveillance for EBV, including ad¬ 

vanced age in a high proportion of cases, 

but also in patients with iatrogenic immu¬ 

nosuppression, such as those receiving 

methotrexate, azathioprine, cyclosporine, 

or tumour necrosis factor inhibitors for 

autoimmune diseases, and in solid or¬ 

gan transplant recipients {1565}. Similar 

cases have been reported in allogeneic 

transplant recipients and HIV-infected 

patients {498,2847}. The disease has a 

mild male predominance and a median 

patient age >70 years {1018}. As would 

be expected, iatrogenically immuno- 

suppressed patients with EBVMCU are 

younger on average than those with age- 

related EBVMCU. 

Etiology 
The disease is uniformly associated with 

EBV and occurs in patients with various 

forms of immunosuppression {1018}. At 

least in elderly patients, alterations in T- 

cell responses, with the accumulation 

of clonal or oligoclonal restricted CD8-i- 

T cells with diminished functionality, likely 

play a role in the pathogenesis of this 

EBV-associated lymphoproliferative dis¬ 

order {1017}. The lesions often arise in lo¬ 

cations subjected to local tissue damage 

or inflammation, such as in the intestine 

in patients with inflammatory bowel dis¬ 

ease {2132}. 

Localization 
EBVMCU presents with ulcerated le¬ 

sions, usually in the oral mucosa (tonsils, 

tongue, buccal mucosa, and palate), 

skin, and gastrointestinal tract (oesopha¬ 

gus, large bowel, rectum, and perianal 

region) {498,971,1017,1018,2010,3852}. 

Regional isolated lymphadenopathy is 

rarely seen, but there is no evidence of 

systemic lymphadenopathy, hepatosple- 

nomegaly, or bone marrow involvement. 

Regional lymph nodes may show reac¬ 

tive hyperplasia. 

Clinical features 
The symptoms are related to the ulcerat¬ 

ed lesion, whether in the oral cavity, skin, 

or intestine. Systemic symptoms are rare. 

Fig. 13.120 EBV-positive mucocutaneous ulcer. A 

sharply circumscribed ulcer involves the palate in an 

85-year-old man. 

Macroscopy 
Patients with EBVMCU present with 

sharply circumscribed, isolated, indurat¬ 

ed mucosal or cutaneous ulcers. 

Microscopy 
The mucosal or cutaneous surface is 

ulcerated, sometimes with pseudoepi- 

theliomatous hyperplasia of the adja¬ 

cent intact epithelium. Beneath the ulcer, 

there is a dense polymorphic infiltrate 

with a variable number of plasma cells, 

histiocytes, and eosinophils, as well as a 

substantial number of large transformed 

cells, resembling either atypical immuno- 

blasts or Hodgkin/Reed-Sternberg-like 

cells. Scattered apoptotic cells are often 

seen. Angioinvasion and necrosis can 

be present in addition to surface ulcera¬ 

tion {1017,1018}. The lymphocytes in the 

background are abundant, many with an- 

gulated and medium-sized nuclei. 

Fig. 13.121 EBV-positive mucocutaneous ulcer in the palate. A The squamous epithelium is ulcerated, with an underlying atypical lymphoid infiltrate. The lesion is circumscribed 

at the base, with underlying reactive lymphocytes. B In situ hybridization for EBV-encoded small RNA (EBER) reveals scattered EBV-positive cells superficially, with reactive 

lymphocytes at the base. C The atypical lymphoid cells are large, with prominent basophilic nucleoli. Admixed lymphocytes and histiocytes are abundant. 
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Fig. 13.122 EBV-positive mucocutaneous ulcer in the intestine, post-transplant. A This case is associated with iatro¬ 
genic immunosuppression. Note the sharply circumscribed base. B The EBV-positive cells are strongly positive for 

CD30. C Numerous CD3+ T cells are admixed with the EBV-positive cells. D The atypical cells are strongly positive 

for CD20. 

Some cases resemble diffuse large B- 

cell lymphoma or a polymorphic post¬ 

transplant lymphoproliferative disorder; 

others show Hodgkin-like morphology, 

with the distinction from classic Hodg¬ 

kin lymphoma sometimes very difficult. 

However, the diagnosis of classic Hodg¬ 

kin lymphoma in the skin or in mucosa 

should be rendered only with extreme 

caution. The deepest margin of the le¬ 

sion usually contains a band-like infiltrate 

of mature lymphocytes. These cells are 

mainly T cells negative for EBV. 

Immunophenotype 
The large transformed immunoblasts and 

Hodgkin/Reed-Sternberg-like cells are 

B cells that in most cases have CD20 

expression ranging from strong to weak 

and heterogeneous. These cells are 

positive for PAX5 and OCT2, with vari¬ 

able expression of BOB1. They have an 

activated-B-cell phenotype, being nega¬ 

tive for CD10 and BCL6 and positive for 

IRF4/MUM1, and are CD30-positive. 

CD15 is expressed in about half of the 

cases. CD79a is often positive. EBV is 

consistently positive, with transformed 

cells commonly positive for LMP1. Posi¬ 

tivity for EBV-encoded small RNA (EBER) 

parallels expression of most B-cell anti¬ 

gens, and is found in a range of cell sizes, 

from small lymphocytes to immunoblasts 

and cells with Hodgkin/Reed-Sternberg 

cell morphology. The background con¬ 

sists mainly of T cells, with numerous 

CD8-t- T cells. A dense rim of CDS-t- lym¬ 

phocytes is present between the lesion 

and adjacent soft tissue. 

Postulated normal counterpart 
An EBV-transformed post-germinal cen¬ 

tre B cell 

Genetic profile 
Fewer than half of all EBVMCUs show 

clonal IG gene rearrangements. Studies 

of TR gene rearrangement often reveal 

an oligoclonal or restricted pattern by 

PCR {971,1017,1018}. 

Prognosis and predictive factors 
Case reports and series suggest a be¬ 

nign natural history, with nearly all re¬ 

ported cases responding to reduction of 

immunosuppressive therapy. In patients 

in whom immunosuppression cannot 

be reversed, responses to rituximab, lo¬ 

cal radiation, and chemotherapy have 

been observed. Spread to distant sites is 

rare, but local progression may be seen. 

The outcome is superior to that to other 

immunodeficiency-associated EBV-driv- 

en lymphoproliferative disorders {1017, 

1565,2597,3852,4408}. However, rare 

cases of relapses or progression to more 

widespread disease {2721} have been 

reported. 
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Diffuse large B-cell lymphoma 
associated with chronic inflammation 

Chan J.K.C. 

Aozasa K. 

Gaulard P, 

Definition 
Diffuse large B-cell lymphoma (DLBCL) 

associated with chronic inflammation is a 

lymphoid neoplasm occurring in the set¬ 

ting of longstanding chronic inflammation 

and showing association with EBV. Most 

cases involve body cavities or narrow 

spaces. Pyothorax-associated lympho¬ 

ma (PAL) is the prototypical form, devel¬ 

oping in the pleural cavity of patients with 

longstanding pyothorax. 

ICD-0 code 9680/3 

Synonym 
Pyothorax-associated lymphoma 

Tuberculous pleuritis 
> 20 years 

Development 

of lymphoma 

Epidemiology 
PAL develops in patients with a 20 to 64- 

year (median: 37-year) history of pyotho¬ 

rax resulting from artificial pneumothorax 

for treatment of pulmonary or pleural 

tuberculosis {121,1797,2818,2827,3150}. 

Patient age at diagnosis ranges from 

the fifth to eighth decade of life (median: 

65-70 years) {2818,2827}. The male-to- 

female ratio is 12:1 versus nearly equal in 

chronic pyothorax, suggesting that males 

are more susceptible to this type of lym¬ 

phoma than are females {1797}. Although 

most cases of PAL have been reported 

in Japan, this lymphoma has also been 

described in the west {166,2518,3150}. 

For DLBCLs arising in other settings of 

chronic suppuration or inflammation, 

such as chronic osteomyelitis, metallic 

implant insertion, surgical mesh implan¬ 

tation, and chronic skin venous ulcer, 

the interval between the predisposing 

event and malignant lymphoma is usually 

>10 years (range: 1.2-57 years) {696, 

804,1263}. 

Etiology 
Artificial pneumothorax, used in the past 

as a form of surgical therapy for pulmo¬ 

nary tuberculosis, is the only significant 

risk factor for development of PAL among 

patients with chronic pyothorax {120, 

1679). PAL is strongly associated with 

EBV, with expression of EBNA2 and/or 

LMP1 together with EBNA1 (i.e. usually 

Fig. 13.123 Development of pyothorax-associated lymphoma. 

type III EBV latency) {1264,2949,3150, 

3525,3873,3874}. Chronic inflammation 

at the local site probably plays a role 

in the proliferation of EBV-transformed 

B cells by enabling them to escape from 

the host immune surveillance through 

production of IL10 (an immunosuppres¬ 

sive cytokine) and by providing autocrine 

to paracrine growth via IL6 and IL6R 

{1925,1928}. 

DLBCLs associated with chronic inflam¬ 

mation that occur in other settings simi¬ 

larly harbour EBV, likely facilitated by so- 

called local immunodeficiency resulting 

from longstanding chronic suppuration or 

inflammation in a confined space {696, 

804}. 

Localization 
The most common sites of involvement 

are the pleural cavity (PAL), bone (espe¬ 

cially femur), joints, and periarticular soft 

tissue {696}. In more than half of all PAL 

cases, the tumour mass is > 10 cm {121}. 

There is direct invasion of adjacent struc¬ 

tures, but the tumour is often confined to 

the thoracic cavity at the time of diagno¬ 

sis, with about 70% of patients presenting 

with clinical stage I or II disease {2818}. 

PAL differs from primary effusion lympho¬ 

ma, which is characterized by lympho- 

matous serous effusions in the absence 

of tumour mass formation and is HHV8-1-. 

Clinical features 
Patients with PAL present with chest 

pain, back pain, fever, or tumorous swell¬ 

ing in the chest wall, or with respiratory 

symptoms such as productive cough, 

haemoptysis, and dyspnoea. Radiologi- 

Fig. 13.124 Pyothorax-associated lymphoma. A,B Massive tumour proliferation surrounding the entire lung. 
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cal examination reveals a tumour mass in 

the pleura (in 80% of cases), pleura and 

lung (in 10%), or lung near the pleura (in 

7%). The serum lactate dehydrogenase 

level is commonly elevated {2818,3150). 

Patients who develop lymphoma in the 

bone, joint, periarticular soft tissue, or 

skin usually present with pain or mass le¬ 

sion. The involved bone typically shows 

lytic lesions on radiological examination. 

PAL54 
PAL629 
PAL831 
PALI! 11 
PAL621 
PAL65 
DL97 
DL817 
OL815 
OL1235 
DL128 
DL826 
DL617 
DL117 
OL1012 
DL1154 
DL87 
DL711 

Fig. 13.125 The patterns of gene expression in pyothorax-associated lymphoma (PAL) and nodal diffuse large B-cell 

lymphoma (DL) are significantly different. Modified from Nishiu M et al. {2882}. 

Microscopy 
The morphological features are the same 

as those of DLBCL, NOS. Most cases 

show centroblastic or immunoblastic 

morphology, with round nuclei and large 

single or multiple nucleoli. Massive ne¬ 

crosis and angiocentric growth may be 

present. 

Immunophenotype 
Most cases express CD20 and CD79a. 

However, a proportion of cases may show 

plasmacytic differentiation, with loss of 

CD20 and/or CD79a, and expression of 

IRF4/MUM1 and CD138. The lymphoma 

has an activated B-cell phenotype. CD30 

can be expressed. Occasional cases 

also express one or more T-cell markers 

(CD2, CD3, CD4, and/or CD7), causing 

problems in lineage assignment (2734, 

2818,3150,4022). 

In situ hybridization for EBV-encoded 

small RNA (EBER) shows positive la¬ 

belling of the lymphoma cells. Type III 

EBV latency (i.e. positivity for LMP1 and 

EBNA2) is characteristic {1263,3150). 

Postulated normal counterpart 
An EBV-transformed post-germinal 

centre B cell 

Genetic profile 
IG genes are clonally rearranged and hy- 

permutated, but lack ongoing mutations 

(2680,3875). TP53 mutations are found 

in about 70% of cases, usually involving 

dipyrimidine sites, which are known to 

be susceptible to mutagenesis induced 

by ionizing radiation (1679). MYC gene 

amplification is common {4412), and 

TNFAIP3 (also called A20) is deleted in 

a proportion of cases (100). Cytogenetic 

studies show complex karyotypes with 

numerous numerical and structural ab¬ 

normalities (3874). The gene expression 

profile of PAL is distinct from that of nodal 

DLBCL, which may be attributable to the 

presence of EBV {2882). One of the most 

differentially expressed genes is IFI27, 
which is known to be induced in B lym¬ 

phocytes by stimulation of interferon al¬ 

pha, consistent with the role of chronic 

inflammation in this condition. Downreg- 

ulation of HLA class I expression, which 

is essential for efficient induction of host 

cytotoxic T lymphocytes, and mutations 

of cytotoxic T-lymphocyte epitopes in 

EBNA3B, an immunodominant antigen 

for cytotoxic T-lymphocyte responses, 

might also contribute to escape of PAL 

cells from host cytotoxic T lymphocytes 

(1926,1927). 

*■ » 

Fig. 13.126 Pyothorax-associated lymphoma. A Diffuse infiltrate of large lymphoid cells with distinct nucleoli and ample cytoplasm. B Tumour cells uniformly express CD20. 
C In situ hybridization for EBV-encoded small RNA (EBER) reveals positive signals for EBV in the nucleus of tumour cells. 
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Fig. 13.127 Incidental diffuse large B-cell lymphoma associated with chronic inflammation found in an atrial 

myxoma. A Clusters of large lymphoma cells are visible within the fibrinous material that overlies an atrial 

myxoma. B Immunostaining for CD20 highlights the clusters of lymphoma cells within the fibrinous material. C The 

lymphoma cells show nuclear staining for EBNA2, indicating type III EBV latency. 

Prognosis and predictive factors 
DLBCLassociated with chronic inflamma¬ 

tion is an aggressive lymphoma. For PAL, 

the 5-year overall survival rate is 20-35% 

{2818,2827}. For patients achieving com¬ 

plete remission with chemotherapy and/ 

or radiotherapy, the 5-year survival rate is 

50% {2818}. Complete tumour resection 

(pleuropneumonectomy with or without 

resection of adjacent involved tissues) 

has also been reported to give good re¬ 

sults {2809). Poor performance status; 

high serum levels of lactate dehydroge¬ 

nase, alanine transaminase (also called 

glutamic-pyruvic transaminase), or urea; 

and high clinical stage are unfavourable 

prognostic factors {119,2827}. 

Fibrin-associated diffuse iarge 
B-ceii iymphoma 

An unusual form of diffuse large B-cell 

lymphoma associated with chronic in¬ 

flammation is not mass-forming and 

does not directly produce symptoms, but 

is discovered incidentally on histological 

examination of surgical pathology speci¬ 

mens excised for various pathologies 

other than lymphoma. The specimens 

typically contain fibrinous materials, such 

as in the walls of pseudocysts (having 

been reported in splenic false cyst, renal 

pseudocyst, adrenal pseudocyst, para- 

testicular pseudocyst, and pseudocyst 

in ovarian teratoma), hydrocoele, lesions 

or materials located in the cardiovascular 

system (having been reported in cardiac 

myxoma, cardiac prosthesis, cardiac fi¬ 

brin thrombus, and synthetic tube graft), 

wear debris (associated with metallic 

implants), and chronic subdural haema- 

toma {36,418,1479,1907,2388,2663,4114, 

4115}. Suggestions have been made to 

rename this group of lymphomas fibrin- 

associated EBV-f large B-cell lymphoma 

{440A}, 

Histologically, single and small aggre¬ 

gates of iarge lymphoma cells are found 

in only small foci within the fibrinous or 

amorphous material. The lymphoma cells 

show irregular nuclear foldings, coarse 

chromatin, distinct nucleoli, and ampho¬ 

philic cytoplasm. Mitotic figures are eas¬ 

ily found, and admixed apoptotic bodies 

are prominent. Chronic inflammatory cell 

infiltration in the background or vicinity 

is usually not prominent. The immuno- 

phenotypic features are similar to those 

of pyothorax-associated lymphoma, with 

expression of B-ceil lineage markers and 

an activated B-cell phenotype. EBV is 

positive, with type III latency (typically 

EBNA2-positive). 

Unlike in pyothorax-associated lympho¬ 

ma, the clinical outcome is highly favour¬ 

able, even with surgical excision alone. 

However, one report raised the possibility 

of progression to an infiltrative tumour; an 

incidental diffuse large B-cell lymphoma 

associated with chronic inflammation 

arising in a chronic subdural haematoma 

was accompanied by brain parenchymal 

infiltration {1907}. 
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Lymphomatoid granulomatosis 

Definition 
Lymphomatoid granulomatosis (LYG) is 

an angiocentric and angiodestructive 

lymphoproliferative disease involving ex- 

tranodal sites, composed of EBV-positive 

B cells admixed with reactive T cells, 

which usually predominate. The lesion 

has a spectrum of histological grade and 

clinical aggressiveness, which is related 

to the proportion of large B cells, 

ICD-0 codes 
Lymphomatoid granulomatosis 

Grade 1 or 2 9766/1 

Grade 3 9766/3 

Synonym 
Angiocentric immunoproliferative lesion 

(obsolete) 

Epidemiology 
LYG is a rare condition. It usually presents 

in adulthood, but may be seen in chil¬ 

dren with immunodeficiency disorders, 

it affects males more often than females, 

with a male-to-female ratio of >2:1 {1965, 

3726). It appears to be more common in 

western countries than in Asia, 

Etiology 
LYG is an EBV-driven lymphoprolifera¬ 

tive disorder. Individuals with underlying 

immunodeficiency are at increased risk 

{1490,1544). Predisposing conditions in¬ 

clude allogeneic organ transplantation, 

Wiskott-Aldrich syndrome (eczema- 

thrombocytopenia-immunodeficiency 

syndrome), HIV infection, and X-linked 

lymphoproliferative syndrome. Patients 

presenting without evidence of under¬ 

lying immunodeficiency usually manifest 

reduced immune function on careful clini¬ 

cal or laboratory analysis {3733,4332). 

Localization 
Pulmonary involvement occurs In >90% 

of patients and is usually present at ini¬ 

tial diagnosis. Other common sites of 

involvement include the brain, kidneys, 

liver, and skin. Involvement of the upper 

respiratory tract or gastrointestinal tract 

is relatively uncommon {841,1966,3726). 

The lymph nodes and spleen are very 

rarely involved {1823,1965,1966,2087, 

2604.3726) . 

Clinical features 
Patients frequently present with signs and 

symptoms related to the respiratory tract, 

such as cough, dyspnoea, and chest 

pain. Constitutional symptoms are also 

common, including fever, malaise, weight 

loss, neurological symptoms, arthralgias, 

myalgias, and gastrointestinal symptoms. 

Patients with CNS disease may be asymp¬ 

tomatic or have varied presentations de¬ 

pending on the site of involvement, such 

as hearing loss, diplopia, dysarthria, atax¬ 

ia, and/or altered mental status {1966, 

3107.3726) . Few patients present with 

asymptomatic disease {1823). 

Macroscopy 
LYG most commonly presents as pulmo¬ 

nary nodules that vary In size. The lesions 

are most often bilateral in distribution, in¬ 

volving the mid- and lower lung fields. 

Larger nodules frequently exhibit central 

necrosis and may cavitate. Nodular le¬ 

sions are found In the kidneys and brain, 

usually associated with central necrosis 

{1966,3726). Skin lesions are extremely 

diverse in appearance. Nodular lesions 

are found in the subcutaneous tissue. 

Dermal Involvement may also be seen, 

sometimes with necrosis and ulceration. 

Cutaneous plaques or a maculopapular 

rash are less common cutaneous mani¬ 

festations {309,1823,1965,2604). 

Microscopy 
LYG is characterized by an angiocen¬ 

tric and angiodestructive polymorphous 

lymphoid infiltrate {1965,1966,2087, 

3726). Lymphocytes predominate and 

are admixed with plasma cells, immu- 

noblasts, and histiocytes. Neutrophils 

and eosinophils are usually inconspicu¬ 

ous. The background small lymphocytes 

may show some atypia or irregularity, but 

do not appear overtly neoplastic. LYG 

is composed of a variable but usual¬ 

ly small number of EBV-positive B cells 

admixed with a prominent inflammatory 

PIttaluga S. 

Wilson W.H. 

Jaffe E.S. 

Fig. 13.128 Lymphomatoid granulomatosis. Chest ra¬ 

diograph identifies multiple nodules, mainly affecting 

the lower lung fields. 

Fig. 13.129 Lymphomatoid granulomatosis. 

A Involved lung. Large nodules show central cavita¬ 

tion. B Large necrotic nodules are also found in the 
kidney. 

background {1490,1966,1967). The EBV- 

positive cells usually show some atypia. 

They may resemble immunoblasts or less 

commonly have a more pleomorphic ap¬ 

pearance reminiscent of Hodgkin oells. 

Multinucleated forms may be seen. Clas¬ 

sic Reed-Sternberg cells are generally 

not present; if seen, they should raise the 
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possibility of Hodgkin lymphoma. Well- 

formed granulomas are typically absent 

in the lungs and most other extranodal 

sites (2357). However, skin lesions often 

exhibit a prominent granulomatous reac¬ 

tion in subcutaneous tissue (309). 

Vascular changes are prominent in LYG. 

Lymphocytic vasculitis, with infiltration of 

the vascular wall, is seen in most cases. 

The vascular infiltration may compromise 

vascular integrity, leading to infarct-like 

tissue necrosis. More direct vascular 

damage, in the form of fibrinoid necro¬ 

sis, is also common, and is mediated by 

chemokines induced by EBV {3943). 

LYG must be distinguished from nasal- 

type extranodal NK/T-cell lymphoma, 

which often has an angiodestructive 

growth pattern and is also associated 

with EBV (1819,3726). 

Immunophenotype 
The EBV-positive B cells usually express 

CD20 (1491,1966,3726,3899,4332). 

The cells are variably positive for CD30, 

but negative for GDIS. LMP1 may be 

positive in the larger atypical and more 

pleomorphic cells. EBNA2 is frequently 

positive, consistent with latency type III 

(3726). Stains for cytoplasmic immuno¬ 

globulin are frequently non-informative, 

although in rare cases monotypic cyto¬ 

plasmic immunoglobulin expression may 

be seen, particularly in cells showing 

plasmacytoid differentiation (3726,4332). 

The background lymphocytes are CD3-t- 

T cells, with CD4-I- cells more frequent 

than CD8+ cells (3726). 

Postulated normal counterpart 
A mature B cell, transformed by EBV 

Grading 
The grading of LYG relates to the propor¬ 

tion of EBV-positive B cells relative to the 

reactive lymphocyte background (1491, 

1966,2357,3726). It is most important to 

distinguish grade 3 from grade 1 or 2. A 

uniform population of large atypical EBV- 

positive B cells without a polymorphous 

background should be classified as EBV- 

positive, diffuse large B-cell lymphoma, 

NOS and is beyond the spectrum of LYG 

as currently defined. 

Grade 1 lesions contain, a polymorphous 

lymphoid infiltrate without cytological 

atypia. Large transformed lymphoid 

cells are absent or rare, and are better 

appreciated by immunohistochemistry. 

When present, necrosis is usually focal. 

By in situ hybridization for EBV-encod- 

ed small RNA (EBER), only infrequent 

EBV-positive cells are identified (<5 per 

high-power field) (4332). In some cases, 

EBV-positive cells may be absent; in this 

setting, the diagnosis should be made 

with caution, with studies to rule out other 

inflammatory or neoplastic conditions. 

Grade 2 lesions contain occasional large 

lymphoid cells or immunoblasts in a 

polymorphous background. Small clus¬ 

ters can be seen, in particular with CD20 

staining. Necrosis is more commonly 

seen. In situ hybridization for EBV readily 

identifies EBV-positive cells, which usu¬ 

ally number 5-20 per high-power field. 

Variation in the number and distribution 

of EBV-positive cells can be seen within a 

nodule or among nodules, and occasion¬ 

ally as many as 50 EBV-positive cells per 

high-power field can be observed. 

Grade 3 lesions still show an inflamma¬ 

tory background, but contain large atypi¬ 

cal B cells that are readily identified by 

CD20 and can form larger aggregates. 

Markedly pleomorphic and Hodgkin-like 

cells are often present, and necrosis is 

usually extensive. By in situ hybridization, 

EBV-positive cells are extremely numer¬ 

ous (>50 per high-power field), and fo- 

cally may form small confluent sheets. 

It is important to take into consideration 

that in situ hybridization for EBV can be 

unreliable when large areas of necrosis 

Fig. 13.130 Lymphomatoid granulomatosis. Cutaneous 

manifestation showing subcutaneous infiltration, with fat 

necrosis and a granulomatous response. 

are present, due to poor RNA preserva¬ 

tion; additional molecular studies for EBV 

may be helpful (3726). 

Genetic profile 
In most cases of grade 2 or 3 disease, 

clonality of the IG genes can be demon¬ 

strated by molecular genetic techniques 

(1490,2604). In some cases, different 

Fig. 13.131 Lymphomatoid granulomatosis. A Grade 1 lesion of the lung shows a polymorphous infiltrate in the 

vascular wall. B Grade 3 lesion of the brain contains numerous large transformed lymphoid cells. C Grade 3 lesion. 

The cells are positive for EBV by in situ hybridization for EBV-encoded small RNA (EBER). D Large pleomorphic cells 

may be seen, most commonly in grade 3 lesions and rarely in grade 2 lesions. 
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clonal populations may be identified in 

different anatomical sites (2678,4332). 

Southern blot analysis may also show 

clonality of EBV (2607). Demonstration of 

clonality in grade 1 cases is less consist¬ 

ent, an observation that may be related 

to the relative rarity of the EBV-positive 

cells in these cases. Alternatively, some 

cases of LYG may be polyclonal (3726). 

TR gene analysis shows no evidence 

of monoclonality {2604,2607,3726}. Al¬ 

terations of oncogenes have not been 

identified. 

Genetic susceptibility 
Genetic susceptibility includes Wiskott- 

Aldrich syndrome (eczema-thrombocyto¬ 

penia-immunodeficiency syndrome), X- 

linked lymphoproliferative syndrome, and 

conditions linked to immunodeficiency. 

Prognosis and predictive factors 
The clinical behaviour of LYG varies 

widely; the disease ranges from an indo¬ 

lent process to an aggressive large B-cell 

lymphoma. In its most indolent form, LYG 

presents with pulmonary nodules in an 

otherwise asymptomatic patient, which 

can wax and wane and rarely resolve. 

A more typical course Is characterized 

by symptoms and multiorgan involve¬ 

ment. In the largest retrospective series 

reported, from 1979, 63.5% of patients 

died, most within the first year of diagno¬ 

sis, and the median overall survival was 

14 months (1965). Historically, corticos¬ 

teroids and chemotherapy were the most 

common treatments, with most patients 

eventually succumbing to disease-relat¬ 

ed complications, including EBV-positive 

diffuse large B-cell lymphomas. More re¬ 

cently, the use of chemoimmunotherapy 

with dose-adjusted EPOCH-R and/or in¬ 

terferon has resulted in a 5-year overall 

survival rate of 70% (3406,4332). 

Primary mediastinal (thymic) 
large B-cell lymphoma 

Gaulard P. 

Harris N.L. 

Pileri S.A. 

Stein H. 

Kovrigina A.M. 

Jaffe E.S. 

Mdller P. 

Gascoyne R.D. 

Definition 
Primary mediastinal (thymic) large B-cell 

lymphoma (PMBL) is a mature aggres¬ 

sive large B-cell lymphoma (LBCL) of 

putative thymic B-ceil origin arising in 

the mediastinum, with distinctive clini¬ 

cal, immunophenotypic, genotypic, and 

molecular features. Cases that arise out¬ 

side the mediastinum are probably very 

uncommon, and cannot be confidently 

recognized without gene expression pro¬ 

filing studies. 

ICD-0 code 9679/3 

Synonyms 
Primary mediastinal clear cell lymphoma 

of B-cell type (obsolete); mediastinal dif¬ 

fuse large cell lymphoma with sclerosis 

(no longer recommended) 

Epidemiology 
PMBL accounts for about 2-3% of non- 

Hodgkin lymphomas. Unlike mosf other 

mature aggressive B-cell lymphomas, 

it occurs predominantly in young adults 

(median patient age: ~35 years) and has 

a female predominance, with a female-to- 

male ratio of about 2:1 (1,589,3535,4498), 

Localization 
The vast majority of patients with PMBL 

present with a localized anterosuperior 

mediastinal mass in the thymic area. The 

mass is often bulky (> 10 cm in 60-70% of 

patients) and frequently invades adjacent 

structures, such as the lungs, pleura, and 

pericardium. Regional involvement of su¬ 

praclavicular and cervical lymph nodes 

can occur. At progression, dissemination 

to distant extranodal sites, such as the 

kidneys, adrenal glands, liver, and CNS, 

is relatively common; however, bone mar¬ 

row involvement is usually absent (279, 

589,2234), Leukaemia is not observed. 

Unoommon cases of PMBL at non- 

mediastinal sites, and without evident 

Fig. 13.132 Primary mediastinal large B-cell lympho¬ 

ma. Cut surface showing fleshy tumour with necrosis. 

mediastinal disease, have been identi¬ 

fied, in particular by gene expression 

profiling (672,3412,3538,4452). Most of 

these cases are missed in routine prac¬ 

tice, because gene expression profiling 

is not a routine clinical test. 

Clinical features 
Symptoms are related to the mediastinal 

mass, frequently with superior vena cava 

syndrome. B symptoms may be present. 

Pleural or pericardial effusion is present 

in one third of cases (4498). The absence 

of distant lymph node and bone marrow 

involvement is important to help exclude 

a systemic diffuse LBCL (DLBCL) with 

secondary mediastinal involvement. 

About 80% of cases are stage l-ll at the 

time of diagnosis {4498}, 

Microscopy 
PMBL shows wide morphological/cyto- 

logical variation from case to case (3112). 

The growth pattern is diffuse, and it is com¬ 

monly associated with compartmentaliz¬ 

ing, alveolar fibrosis (279,589,2628,2799, 

3112,3179). The stromal component is fre¬ 

quently absent in involved lymph nodes. 

The neoplastic cells are usually medium¬ 

sized to large, with abundant pale cyto- 
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Fig. 13.133 Primary mediastinal large B-cell lymphoma. A Nuclei are round (centroblast-like) or sometimes 

multilobated. B Sheets of large cells with abundant pale cytoplasm, separated by collagenous fibrosis, C Medium- 

sized cells with abundant pale cytoplasm. D Classic clear-cell appearance of the tumour cells, with associated 
delicate interstitial fibrosis. 

plasm and relatively round or ovoid nu¬ 

clei. In some cases, the lymphoma cells 

have pleomorphic and/or multilobated 

nuclei and may resemble Reed-Stern- 

berg cells, raising suspicion of Hodgkin 

lymphoma {3112,4047}. Rarely, there are 

so-called grey-zone lymphomas combin¬ 

ing features of PMBL and classic Hodgkin 

lymphoma (CHL); these are separately 

designated as B-ce!l lymphoma, unclassi- 

fiable, with features intermediate between 

DLBCL and CHL. Examples of composite 

PMBL and nodular sclerosis CHL have 

also been described, and PMBL can oc¬ 

cur either before or at relapse of nodular 

sclerosis CHL (4047,4333). 

Immunophenotype 
PMBL expresses B-cell-lineage antigens 

such as CD19, CD20, CD22, and CD79a, 

but commonly lacks immunoglobulin de¬ 

spite a functional IG gene rearrangement 

and expression of the transcription fac¬ 

tors PAX5, BOB1, OCT2, and PU1 (1915, 

2379,3179,4274}. Flow cytometric studies 

may demonstrate surface IG in a sub¬ 

set of cases {4274}. CD30 is present in 

>80% of cases; however, staining is usu¬ 

ally weak and heterogeneous compared 

to that in CHL {1633,3179}. CD15 may be 

expressed in a minority of cases {2800}. 

EBV is almost always absent {589}. The 

neoplastic cells are frequently positive 

for IRF4/MUM1; present in 75% of cases. 

and have variable expression of BCL2, 

present in 55-80% of cases, and BCL6, 

in 45-100%; CD10 positivity is less com¬ 

mon, seen in 8-32% of cases {899,3179}. 

CDIIc is positive in about 40% of cases 

{3364}. Unlike most cases of DLBCL, 

approximately 70% of PMBL express 

CD23, MAL antigen, and programmed 

cell death ligands PDL1 and PDL2 {524, 

803,805,1327A,3179}. MYC can be ex¬ 

pressed, sometimes on >30% of cells, 

independently of MYC gene alteration 

{2303}. Aberrant expression of TNFAIP2 

is a frequent feature, in common with CHL 

but rarely found in other types of DLBCL 

{2080}. PMBL is also positive for CD54 

and FAS (also known as CD95), and 

coexpresses TRAF1 and nuclear REL 

{3384,4460}. It often lacks HLA class I 

and/or class II molecules {2799,2800}. 

Postulated normal counterpart 
A thymic medullary, asteroid, activation- 

induced cytidine deaminase-positive 

B cell 

Genetic profile 
Antigen receptor genes 
Immunoglobulin genes are rearranged 

and may be class switched, with a high 

load of somatic hypermutations without 

ongoing mutation activity {2262}. 

Gene expression profiling 
PMBL has a unique transcriptional sig¬ 

nature that is distinct from those of other 

LBCLs, but shares similarities with CHL 

{3412,3538}. 

Fig. 13.134 Primary mediastinal large B-cell lymphoma. A All large cells express CD20 on the membrane. B Nests 

of CD3+ lymphocytes are present, with a perivascular distribution. 

Fig. 13.135 Primary mediastinal large B-cell lymphoma. A More than 60% of the large cells express nuclear Ki-67. 

B Thymic remnants infiltrated by tumour cells; the epithelial component is positive for cytokeratin. 
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Fig. 13.136 Primary mediastinal large B-cell lymphoma, 

region. 

A Most tumour cells express CD23. B Tumour cells also express MAL, with a cytoplasmic accentuation in the Golgi 

Cytogenetic abnormalities and 
oncogenes 
Rearrangements of BCL2, BCL6, and 

MYC are absent or rare (3548,4067). Re¬ 

arrangements or mutations in the class II 

major histocompatibility complex (MHC) 

transactivator CIITA at 16p13.13 have been 

reported in as many as 53% of PMBLs, 

resulting in downregulated MHC class II 

molecules, creating an immune-privileged 

phenotype in PMBL. Translocations involv¬ 

ing CIITA occur with CD274 (also called 

PDCD1LG1 or PDL1) and PDCD1LG2(also 
called PDL2): CD274 and PDCD1LG2are 
also reported to fuse with partners other 

than CIITA in some cases (2763,3779, 

4081). Together with gains and amplifica¬ 

tions at chromosome 9p24.1, including the 

JAK2/PDCD1LG2/PDCD1LG1 locus (in as 

many as 75% of cases) (344,1881,2624, 

4300), these aberrations in the PDL locus 

likely explain the common overexpression 

of PDL1 and PDL2 in PMBL (668,3645). 

This profile, with CIITA alterations and also 

copy-number gains and high-level amplifi¬ 

cation of the PDL locus (in 29-70% of cas¬ 

es), occurs almost exclusively in PMBL; it 

is unique among the LBCLs but shows 

similarities to what is found in CHL (1436, 

3779,4081). 

The genomic profile also typically con¬ 

tains gains in chromosome 2p16.1 (seen 

in -50% of cases), where candidate 

genes PEL and BCL11A are amplified in a 

proportion of cases, leading to a frequent, 

albeit inconsistent, nuclear accumula¬ 

tion of their proteins (3384,4296,4297). 

Gains involving chromosomes Xp11.4-21, 

Xq24-26, 7q22, 12q31, and 9q34 (344) 

are also seen in approximately one third 

of PMBLs. PMBL has a constitutively 

activated NF-kappaB pathway (1208), 

which might be due to deleterious muta¬ 

tions in the TNFAIP3 gene, present in as 

many as 60%> of PMBLs (1049,3572A}. 

These tumours also have a constitutively 

activated JAK/STAT signalling pathway, 

also found in CHL, that seems to be fre¬ 

quently related to inactivating mutations 

of SOCS1 (2624,3777,4073,4297). Muta¬ 

tions affecting the STATS DNA-binding 

domain and in PTPN1, a negative regula¬ 

tor of JAK/STAT signalling, are also com¬ 

mon, found in in as many as 72% and 

25% of PMBLs, respectively, but are al¬ 

most absent in DLBCL (1049,1495,2280, 

2504,3363). The genetic landscape of 

PMBL suggests activation-induced cy- 

tidine deaminase-mediated aberrant 

somatic hypermutation as the mutational 

mechanism (2763), with BCL6 mutations 

detected in about half of the cases (2477). 

The landscape also includes truncating 

immunity pathway, ITPKB, MFHAS1, and 

XP01 mutations (1049). 

Genetic susceptibility 
Exome sequencing of a family with three 

siblings with PMBL suggested KMT2A 
(previously called MLF) as a candidate 

predisposition gene, but these findings 

warrant replication (3465). 

Prognosis and predictive factors 
Variations in microscopic appearance do 

not predict differences in survival (3112). 

PMBL should be distinguished from B- 

cell lymphoma, unclassifiable, with fea¬ 

tures intermediate between DLBCL and 

CHL, which is more aggressive (4047), 

Response to intensive chemotherapy, 

with or without radiotherapy, is usually 

good. PMBL is associated with a more 

favourable survival than are the germinal 

centre B-cell and activated B-cell sub- 

types of DLBCL, and recently developed 

chemotherapy protocols have shown 

high cure rates in adults and children 

(1058,2667,3412,4346). Extension into 

adjacent thoracic viscera, pleural or peri¬ 

cardial effusion, and poor performance 

status are associated with inferior out¬ 

come (115,589,2233,2234,3535,3538). 

FDG-PET predicts survival after chemo- 

immunotherapy (605,2514). 
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Intravascular large B-cell lymphoma Nakamura S. 

PonzoniM. 

Campo E, 

Definition 
Intravascular large B-cell lymphoma is a 

rare type of extranodal large B-oell lym¬ 

phoma characterized by the selective 

growth of lymphoma cells within the lu- 

mina of vessels, in particular capillaries, 

and with the exception of larger arteries 

and veins. 

ICD-0 code 9712/3 

Synonyms 
Malignant angioendotheliomatosis; 

angioendotheliomatosis proliferans 

syndrome; intravascular lymphomatosis; 

angioendotheliotropic lymphoma 

(all obsolete) 

Epidemiology 
This tumour occurs in adults, with a medi¬ 

an age of 67 years (range: 13-85 years) 

and a male-to-female ratio of 1,1:1. The 

frequency and clinical presentation differ 

according to patients’ geographical ori¬ 

gin (West vs Far East) (1196,2789,3214, 

3215,3655}. 

Localization 
This lymphoma is usually widely dissemi¬ 

nated in extranodal sites, ineluding the 

bone marrow, and may present in virtual¬ 

ly any organ. However, the lymph nodes 

are usually spared. 

Clinical features 
Two major patterns of clinical presenta¬ 

tion have been recognized: a so-called 

classic form (mostly present in western 

countries) oharacterized by symptoms re¬ 

lated to the main organ involved, predom¬ 

inantly neurological or cutaneous, and a 

haemophagocytic syndrome-associated 

form, originally documented as an Asian 

variant, in which patients present with 

multiorgan failure, hepatosplenomegaly, 

and pancytopenia (1196,2789,3214,3215, 

3655}. Exceptions to these geographical 

distributions may occur. B symptoms, in 

particular fever, are very common, occur¬ 

ring in 55-76% of patients, in both types 

of presentation. An isolated cutaneous 

variant has also been identified, invariably 

Fig. 13.137 Neurolymphomatosis as the relapse of intravascular large B-cell lymphoma. A FDG-PET/CT studies 

demonstrate hyperintense FDG uptake in the left lumbar plexus (white arrows), representing lymphoma invasion 

of the sciatic nerve. B A thin-sliced coronal image from gadolinium-enhanced T1-weighted MRI of the lumbosacral 

plexus also reveals the enhanced and enlarged left sciatic nerve (yellow arrows). Reprinted with permission from: 

Matsue K, Hayama BY, Iwama K, et at (2570) 

in western females; It Is characterized by 

restriction of the tumour to the skin and is 

associated with a better prognosis (1193, 

3214}. Conventional staging procedures 

are generally associated with a high pro¬ 

portion of false negatives due to the lack 

of detectable tumour masses. A random 

skin biopsy of normal-appearing skin and 

transbronchial lung biopsy are often help¬ 

ful to make the diagnosis. Tumour cells 

are often seen in subcutaneous tissue 

irrespective of the absence of skin erup¬ 

tion, even in the haemophagocytic syn¬ 

drome-associated form (2569}, 

Fig. 13.138 Intravascular large B-cell lymphoma. 

Skin Involvement. 

Microscopy 
The neoplastic lymphoid cells are mainly 

lodged in the lumina of small or interme¬ 

diate sized vessels in many organs. Fi¬ 

brin thrombi, haemorrhage, and necrosis 

may be observed in some eases. The tu¬ 

mour cells are large, with prominent nu¬ 

cleoli and frequent mitotic figures. Rare 

cases have cells with anaplastic features 

or smaller size {3215}. Minimal extravas- 

cuiar location of neoplastic cells may 

be seen. In the CNS, recurrences may 

be associated with extravascular brain 

masses {1642,3657}. Sinusoidal involve¬ 

ment occurs in the liver, spleen, and bone 

marrow. Malignant cells are occasionally 

detected in peripheral blood {3215}. 

Immunophenotype 
Tumour cells express mature B-cell- 

associated antigens. CD5 and CD10 

coexpression is seen in 38% and 13% 

of the cases, respectively. Almost all 

CDIO-negative cases are positive for 

IRF4/MUM1. An increasing number of 

intravascular NK/T-cell lymphomas with 

EBV-positive tumour cells {1317,4241} 

and rarely intralymphatic anaplastic large 

cell lymphomas, ALK-negative (2644, 

3871}, have been reported, but they 

should be considered different entities. 
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Fig. 13.139 Intravascular large B-cell lymphoma. A The large lymphoma cells fill the vein (lower left) and capillary (upper right). B The large tumour cells are present in the 

sinuses of the bone marrow, with abundant cytoplasm surrounding a more-or-less irregular nucleus. C The large lymphoma cells fill the vascular channels in the adrenal gland. 
D The large tumour cells are present in the lumen of small vessels in the CNS. 

The intravascular growth pattern has 

been hypothesized to be secondary to a 

defect in homing receptors on the neo¬ 

plastic cells (1204), such as the lack of 

CD29 (integrin beta-1) and CD54 (ICAM1) 

adhesion beta-molecules (3212), 

Postulated normal counterpart 
A transformed peripheral B cell 

Genetic profile 
Immunoglobulin genes are clonally re¬ 

arranged, Karyotypic abnormalities have 

been described, but too few cases have 

been studied to demonstrate recurrent 

abnormalities {3655,3656}. 

Prognosis and predictive factors 
Intravascular large B-cell lymphoma is 

generally aggressive, except for the cas¬ 

es with disease limited to the skin {3655}. 

The poor prognosis is due in part to the 

delay of timely and accurate diagnosis 

related to the protean presentation of 

this lymphoma. Chemotherapeutic regi¬ 

mens with rituximab have significantly 

improved the clinical outcomes of these 

patients, with a 3-year overall survival 

rate of 60-81% {1195,1197,3655,3656). 

However, CNS relapse, which occurs in 

-25% of cases {3657} and neurolympho¬ 

matosis {2570} are serious complications 

in the rituximab era. Neither the clinical 

type of presentation nor clinical parame¬ 

ters predict CNS relapse. 
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Fig. 13.140 Intravascular large B-cell lymphoma. A,B Transbronchlal lung biopsy. The atypical tumour cells are deformed, filling the capillaries in the lung. CD20 staining 
highlights the deformed tumour cells in the alveolar capillaries. C Bone marrow biopsy. The tumour cells are highlighted by staining for CD20. 
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ALK-positive large B-cell lymphoma Campo E. 

Gascoyne R.D. 

Definition 
ALK-positive large B-cell lymphoma 

(LBCL) is an aggressive neoplasm of 

ALK-positive monomorphic large immu- 

noblast-like B cells, \A/hich usually have a 

plasma cell phenotype, 

ICD-0 code 9737/3 

Synonyms 
Large B-cell lymphoma expressing the 

ALK kinase and lacking the t(2;5) translo¬ 

cation; ALK-positive plasmablastic B-cell 

lymphoma (both obsolete) 

Epidemiology 
This lymphoma is very rare, accounting 

for < 1% of diffuse LBCLs. It seems to oc¬ 

cur more frequently in young men, with a 

male-to-female ratio of 5:1, but spans all 

age groups, with a patient age range of 

9-85 years (median: 43 years). One third 

of cases occur in the paediatric age 

group {2230,3333). There is no associa¬ 

tion with immunosuppression. 

Localization 
The tumour mainly involves lymph nodes 

{22,951,1307,1790,3333,3763} or pre¬ 

sents as a mediastinal mass {907,1348}. 

Extranodal involvement has also been re¬ 

ported, at sites such as the nasopharynx 

{2976}, tongue {907}, stomach {2601}, 

bone {2976}, soft tissue {713}, liver, 

spleen, and skin {2230}. 

Clinical features 
Most patients present with generalized 

lymphadenopathy, and 60% present in 

advanced stage lll/IV. Bone marrow is 

infiltrated in 25% of cases {2230}, 

Microscopy 
The lymph nodes show a marked dif¬ 

fuse infiltrate, frequently with a sinusoidal 

growth pattern. The infiltrate is composed 

of monomorphic large .immunoblast-like 

cells with round pale nuclei containing 

a large central nucleolus and abundant 

amphophilic cytoplasm. Some cases 

show plasmablastic differentiation {951, 

1307}. Atypical multinucleated neoplastic 

giant cells may be seen. 

Immunophenotype 
Lymphoma cells are strongly positive for 

the ALK protein, with most demonstrat¬ 

ing a restricted granular cytoplasmic 

staining pattern highly indicative of the 

expression of the CLTC-ALK fusion pro¬ 

tein. Few cases show cytoplasmic, nu¬ 

clear, and nucleolar ALK staining assooi- 

ated with the NPM1-ALK fusion protein. 

ALK translocations with other partners 

may be associated with a cytoplasmic 

staining pattern. The tumours also char¬ 

acteristically strongly express EMA and 

plasma cell markers such as CD138, 

VS38, PRDM1 (also known as BLIMP1), 

and XBP1, and are negative or only 

positive in occasional cells for B-cell line¬ 

age-associated antigens (CD20, CD79a, 

and PAX5). IRF4/MUM1 is also positive 

{951,3763,4111}. CD45 is weak or nega¬ 

tive {951,1307,2230}. CD30 is negative 

{951}, although focal and weak staining 

has been reported in a few cases {3763}, 

Most tumours express cytoplasmic im¬ 

munoglobulin (usually IgA, more rarely 

IgG) with light chain restriction {951}. As 

described in some plasma cell tumours. 

Fig. 13.141 ALK-positive large B-cell lymphoma. A,B Neoplastic cells show immunoblastic and plasmablastic features. 
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Fig. 13.142 ALK-positive large B-cell lymphoma. Tumour cells are positive for A EMA with a cytopiasmic membra¬ 
nous pattern, B for IgA, and (C for ALK with a restricted granular cytoplasmic pattern, highiy indicative of the expres¬ 

sion of the CLTC-ALK fusion protein. 

occasional cases are positive for cytoker- 

atin, which may lead (in addition to EMA 

positivity, weak or negative staining for 

CD45, and the morphological features of 

cohesiveness and sinusoidal infiltration 

of the cells) to the mistaken diagnosis of 

carcinoma {2230}. The tumours are neg¬ 

ative for T-cell markers but may be posi¬ 

tive for CD4, CD57, CD43, and perforin 

(2230,3763). All cases are EBV-negative 

and HHV8-negative {2230,4111}. These 

tumours should be distinguished from 

ALK-positive anaplastic large cell lym¬ 

phoma, which is of T-cell origin; from 

other LBCLs with a sinusoidal growth 

pattern that are ALK-negative, may be 

CD30-positive, and express pan-B-cell 

antigens; and from other immunoblastic- 

appearing or plasmablastic lymphomas 

that are ALK-negative {785}. 

Postulated normal counterpart 
A post-germinal centre B cell with plas¬ 

mablastic differentiation 

Genetic profile 
The IG genes are clonally rearranged 

{713,1307}. The key oncogenic factor of 

this tumour is ALK overexpression due 

to the fusion protein generated by the 

translocation of the ALK locus on chro¬ 

mosome 2. The most frequent abnormal¬ 

ity is t(2;17)(p23;q23), responsible for a 

CLTC-ALK fusion protein. Few cases 

are associated with the t(2;5)(p23;q35) 

translocation, as described in ALK-pos¬ 

itive anaplastic large cell lymphoma {22, 

2976}. A cryptic insertion of three ALK 
gene sequences into chromosome 4q22- 

24 has also been reported. ALK may also 

be fused to SQSTM1, SEC31A, or other 

uncommon fusion partners. These trans¬ 

locations are typically detected in the con¬ 

text of complex karyotypes {713,907,1307, 

1348,1790,2230,2601,3333,3763,4111}. 

ALK protein oncogenic mechanisms in¬ 

clude activation of the STAT3 pathway; 

concordantly, ALK-positive LBCLs ex¬ 

press high phospho-STAT3 {4111}. MYC 

is also expressed in the absence of MYC 
translocations or amplifications, prob¬ 

ably due to transcriptional activation 

downstream of STAT3 (4111). Oncogenic 

Aik activation in murine B cells gener¬ 

ates plasmablastic B-cell tumours {709}. 

Prognosis and predictive factors 
In one study, the reported median overall 

survival of patients with stage lll/IV dis¬ 

ease was 11 months {3333}. Longer sur¬ 

vival (> 156 months) has been reported in 

children {951,2976}. These tumours are 

usually negative for CD20 antigen, and 

are thus unlikely to be sensitive to rituxi- 

mab. Patients presenting with localized 

disease (stage l-ll) have been found to 

have significantly longer survival {2230}. 
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Plasmablastic lymphoma sterH^ 
Harris N.L. 

Definition 
Plasmablastic lymphoma (PBL) is a very 

aggressive lymphoma with a diffuse pro¬ 

liferation of large neoplastic cells, most 

of which resemble B immunoblasts or 

plasmablasts, that have a CD20-nega- 

tive plasmacytic phenotype. It was origi¬ 

nally described in the oral cavity and 

frequently occurs in association with HIV 

infection, but it may also occur in other 

sites, predominantly extranodal, and in 

association with other causes of immu¬ 

nodeficiency (785,936). Some cases, 

particularly in the oral cavity (i.e. the oral 

mucosa type), look most like a diffuse 

large B-cell lymphoma (LBCL); other 

cases have morphologically recogniz¬ 

able plasmacytic differentiation. Other 

subtypes of LBCLs with a plasmablas¬ 

tic immunophenotype (e.g. ALK-positive 

LBCL and HHV8-associated lymphopro- 

liferative disorders) are not included in 

this category. 

ICD-0 code 9735/3 

Epidemiology 
This lymphoma occurs predominantly 

in adults with immunodeficiency, most 

commonly due to HIV infection but also 

in the setting of iatrogenic immunosup¬ 

pression (transplantation and autoim¬ 

mune diseases) and in elderly patients 

with presumptive immunosenescence. 

PBL also occurs in children with immu¬ 

nodeficiency, mainly due to HIV infection 

(417,578,785,936,2365). 

Etiology 
Immunodeficiency, due to various caus¬ 

es, predisposes individuals to the de¬ 

velopment of PBL. The tumour cells are 

EBV-infected in most patients (417,785, 

936,1023). 

Localization 
PBL most frequently presents as a mass 

in extranodal regions of the head and 

neck, in particular the oral cavity, with the 

gastrointestinal tract being the next most 

common site. Other extranodal localiza¬ 

tions reported in >1% of cases include 

the skin, bone, genitourinary tract, nasal 

cavity and paranasal sinuses, CNS, liver, 

lungs, and orbits. Nodal involvement is 

found in <10% of cases overall, but in 

30% of post-transplant cases (578,785, 

936,1023). 

Clinical features 
Disseminated stage ill/IV disease, includ¬ 

ing bone marrow involvement, is found 

at presentation in 75% of HIV-positive 

patients and 50% of post-transplant pa¬ 

tients, but in only 25% of patients without 

apparent immunodeficiency (578). Most 

patients have an intermediate-risk or 

high-risk International Prognostic Index 

(IPI) score. CT and PET show disseminat¬ 

ed bone involvement in 30% of patients 

(3942). A paraprotein may be detected 

in some cases (3865), Tumours with fea¬ 

tures of PBL may occur in patients with 

prior plasma cell neoplasms, including 

plasma cell myeloma. Such cases should 

be considered plasmablastic transforma¬ 

tion of myeloma and distinguished from 

primary PBL. 

Microscopy 
PBLs show a morphological spectrum 

varying from a diffuse and cohesive pro¬ 

liferation of cells resembling immunob¬ 

lasts to cells with more obvious plasma¬ 

cytic differentiation, which may resemble 

cases of plasmablastic plasma cell 

myeloma. Mitotic figures are frequent. 

Apoptotic cells and tingibie body mac¬ 

rophages may be present. Cases with 

monomorphic plasmablastic cytology 

are most commonly seen in the setting 

of HIV infection and in the oral, nasal, 

and paranasal sinus areas (i.e. the oral 

mucosal type). Conversely, cases with 

plasmacytic differentiation tend to occur 

more commonly in other extranodal sites, 

as well as in lymph nodes (785,936). 

The differential diagnosis of cases with 

plasmacytic differentiation may include 

anaplastic or plasmablastic plasma 

cell myeloma. A history of immune de¬ 

ficiency and the presence of EBV by in 

Fig. 13,143 Plasmablastic lymphoma (PBL). A PBL of the oral mucosa with a monomorphic proliferation of large, immunoblastic cells with prominent nucleoli. B PBL with 

plasmacytic differentiation. Many of the tumour cells are large, with round nuclei and variably prominent nucleoli and showing coarse chromatin. Smaller cells with plasmacytic 

differentiation are also present. 
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situ hybridization for EBV-encoded small 

RNA (EBER) are useful in establishing 

the diagnosis of PBL. However, some 

cases occurring in HIV-positive patients 

have overlapping features with plasma 

cell myeloma, such as lytic bone lesions 

and monoclonal serum immunoglobulins 

{3865,3942), In some cases, a definite 

distinction cannot be made, and a de¬ 

scriptive diagnosis, such as 'plasma- 

blastic neoplasm, consistent with PBL 

or anaplastic plasmacytoma’, may be 

acceptable. LBCLs with plasmablastic 

features may occur as transformation of 

small B-cell lymphoid neoplasms, These 

cases have a morphology and pheno¬ 

type similar to those of PBL, but immuno¬ 

deficiency does not seem to play a role 

and EBV infection and MVC translocation 

are only rarely seen {2531}. 

Immunophenotype 
The neoplastic cells express a plasma 

cell phenotype, including positivity for 

CD138, CD38, VS38c, IRF4/MUM1, 

PRDM1 (also called BLIMP1), and XBP1. 

CD45, CD20, and PAX5 are either nega¬ 

tive or sometimes weakly positive in a 

minority of cells. CD79a is positive in 

approximately 40% of cases {578,2699, 

4111). Cytoplasmic immunoglobulin is 

commonly expressed, most frequently 

IgG and either kappa or lambda light 

chain. CD56 is detected in 25% of cas¬ 

es. It is usually negative in the oral mu¬ 

cosal type, but may be seen in cases 

with plasmacytic differentiation, EMA 

and CD30 are frequently expressed. The 

Ki-67 proliferation index is usually very 

high (>90%). BCL2 and BCL6 expres¬ 

sion is usually absent, whereas CD10 is 

expressed in 20% of cases. Cyclic D1 

is negative. Some cases express the 

T-cell associated markers CD43 and 

CD45RO {578,785,936,1023,4164}. Re¬ 

active infiltrating T cells are usually very 

scarce. Some LBCLs may have marked 

morphological plasmablastic features 

but strongly express CD20, CD79a, and 

PAX5 {3682}. These cases should not be 

considered PBL and are better classified 

as diffuse LBCL, NOS. 

Fig. 13.144 Plasmablastic lymphoma (PBL). The PBL cells are strongly positive for CD138 (A) but negative for CD20 

(B). In situ hybridization for EBV-encoded small RNA (EBER) reveals infection of all PBL cells by EBV (C), 

In situ hybridization for EBER is posi¬ 

tive in 60-75% of cases, but LMP1 is 

rarely expressed. PBL is more frequently 

EBV-positive in HIV-positive and post¬ 

transplant patients than in HIV-negative 

patients {578,2755}. HHV8 is consistently 

absent. 

Postulated normal counterpart 
A plasmablast (i.e. a blastic proliferat¬ 

ing B cell that has switched its pheno¬ 

type to the plasma cell gene expression 

programme) 

Genetic profile 
Clonal IGH rearrangement is demon¬ 

strable, even when immunoglobulin ex¬ 

pression is not detectable, and IGHV 

may have somatic hypermutation or be 

unmutated with a germline configuration 

{1273}, 

Genetic studies have revealed frequent 

complex karyotypes. MYC translocation 

has been identified in approximately 50% 

of cases, more frequently in EBV-positive 

tumours (74%) than in EBV-negative tu¬ 

mours (43%), and it is associated with 

MYC protein expression {400,3865,4110, 

4111). The rearrangement usually occurs 

with IG genes {4110}. 

Prognosis and predictive factors 
The prognosis is generally poor; more 

than three quarters of patients die of 

the disease, with a median survival of 

6-11 months {578,2755}, Newer thera¬ 

pies and better treatment of HIV infection 

may be associated with a better prog¬ 

nosis, but the results are not consistent 

across studies {578}. Evaluation of prog¬ 

nostic parameters has not yielded con¬ 

sistent results. However, MYC transloca¬ 

tion has been associated with a worse 

outcome in two studies {578,2755}. 
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Primary effusion lymphoma Said J, 
Cesarman E. 

Definition 
Primary effusion lymphoma (PEL) is a 
large B-cell neoplasm usually presenting 
as serous effusions without detectable 
tumour masses. It is universally associat¬ 
ed with the human herpesvirus 8 (HHV8), 
also called Kaposi sarcoma-associated 
herpesvirus. It most often occurs in the 
setting of immunodeficiency. Some pa¬ 
tients with PEL secondarily develop solid 
tumours in adjacent structures such as 
the pleura. Rare HHV8-positive lympho¬ 
mas indistinguishable from PEL present 
as solid tumour masses, and have been 
termed extracavitary PEL. 

ICD-0 code 9678/3 

Synonym 
Body cavity-based lymphoma (obsolete) 

Epidemiology 
Most cases arise in young or middle- 
aged men who have sex with men and 
who have HIV infection and severe im¬ 
munodeficiency {2803,3479}, There is 
frequent coinfection with monoclonal 
EBV {623,2803,3479}. PEL has also 
been reported in recipients of solid or¬ 
gan transplants {1030,1875,2417}. The 
disease also occurs in the absence of 
immunodeficiency, usually in elderly pa¬ 
tients, both men and women {3946}. In 
these patients, the lymphoma cells con¬ 
tain HHV8 and may lack EBV {775,3478}, 

Etiology 
The neoplastic cells are positive for HHV8 
(Kaposi sarcoma-associated herpesvirus 
or KSHV) in all cases. Most cases are co¬ 
infected with EBV {110,157,1683,3479}, 
but EBV has restricted gene expression 
and is not required for the pathogenesis. 
HHV8 encodes > 10 homologues of cel¬ 
lular genes that provide proliferative and 
anti-apoptotic signals {116,156,172,1895), 
HHV8-encoded proteins and microR- 
NAs include LANAI, vlRF3, vFLIP, and 
miR-K1 {116,156,172,1895,4090}. HHV8 
IL6 prevents apoptosis by suppressing 
proapoptotic cathepsin D {670}, HHV8- 
encoded vFLIP activates NF-kappaB by 

binding IKBKGG/NEMO and prevents 
death-receptor induced apoptosis. PELs 
also express vlRF3, which inhibits HLA 
transactivators, resulting in inefficient 
recognition and killing by T cells {3468}. 
Secretome analysis has revealed pro¬ 
teins involved in inflammation, immune 
response, and cell cycle and growth; 
structural proteins; and other proteins 
{1385}, 

Localization 
The most common sites are the pleural, 
pericardial, and peritoneal cavities. Typi¬ 
cally only a single body cavity is involved 
{308,955,3006}. PEL has also been re¬ 
ported in unusual cavities, such as an 
artificial cavity related to the capsule of 
a breast implant {3478}. Most cases of 
PEL remain restricted to the body cavity 
of origin, but subsequent dissemination 
can occur. Extracavitary tumours with 
morphological and phenotypic charac¬ 
teristics similar to those of PEL can occur 
in extranodal sites including the gastro¬ 
intestinal tract, skin, lungs, and CNS, or 
can involve the lymph nodes {631,824, 
955}. 

Clinical features 
PELs occur mainly in males. The median 
patient age at presentation is 42 years 
in HIV-infected individuals and 73 years 
in the general population. Male homo¬ 
sexual contact is the most common risk 

Fig. 13.145 Primary effusion lymphoma (PEL), Solid 
tissue mass from the mediastinum of an HIV-positive 
patient with PEL presenting with pleural effusions. 
The cells are large and pleomorphic, with eosinophilic 
macronucleoli and abundant cytoplasm. Many cells 
have an anaplastic or plasmacytoid appearance. 

Fig. 13.146 Primary effusion lymphoma. Pleural fluid 
cytology. There is marked pleomorphism, with promi¬ 
nent nucleoli and a plasmacytoid appearance in the 
cytoplasm (Wright stain). 

factor, followed by injection drug use. 
PELs also occur in HIV-seronegative men 
and women who have been exposed to 
HHV8. Patients typically present with ef¬ 
fusions in the absence of lymphadenop- 
athy or organomegaly. Approximately 
one third to half of the patients have 
pre-existing or develop Kaposi sarcoma 
{110}, and the CD4-i- cell count is gener¬ 
ally low. Occasional cases are associ¬ 
ated with multicentric Castleman disease 
{3946}, PEL should be distinguished from 
the rare HHV8-negative effusion-based 
lymphoma morphologically similar to 
PEL that has been described in patients 
with fluid overload states {59,1753,2891, 
3386,4378}, as well as from the EBV- 
associated HHV8-negative large B-cell 
lymphomas also occurring with chronic 
suppurative inflammation (diffuse large 
B-cell lymphoma associated with chronic 
inflammation), such as pyothorax-asso- 
ciated lymphoma {121,804). Cases of 
extracavitary PEL occur in lymph nodes 
or extranodal sites without lymphoma- 
tous effusions during the course of the 
disease. These cases are similar to PEL 
in their clinical presentation occurring 
in HIV-positive men and morphology 
{3044}. Other lymphomas, including Bur- 
kitt lymphoma, can present with a malig¬ 
nant effusion and are unrelated to PEL. 

Microscopy 
In cytocentrifuge preparations, the cells 
exhibit a variety of appearances, rang¬ 
ing from large immunoblastic or plasma- 
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Fig. 13.147 Extracavitary primary effusion lymphoma (PEL) presenting initially as a mass in the large intestine of an HiV-positive patient. A Plasmablastic/anaplastic cells 

infiltrating between the glands of a large bowel mass. B The nuclei are strongly positive for HHV8 with an antibody to LANA1 (also called ORF73). 

blastic cells to cells with more-anaplastic 

morphology. Nuclei are large and round 

to more irregular in shape, with prominent 

nucleoli. The cytoplasm can be abundant 

and is deeply basophilic, with vacuoles 

in occasional cells. A perinuclear hot 

consistent with plasmacytoid differentia¬ 

tion may be seen. Some cells resemble 

Hodgkin or Reed-Sternberg cells. Mitotic 

figures are numerous. The cells often ap¬ 
pear more uniform in histological sec¬ 

tions than in cytospin preparations (110, 

955,2803}. 

The histological features of extracavi¬ 

tary PELS include an immunoblastic to 

anaplastic morphology similar to that 

seen in effusions. There may be lymph 

node sinus involvement, and staining for 

HHV8 may be helpful in differentiating 

these cases from anaplastic large cell 

lymphoma {826}. Pleomorphic large cells 

may have a Hodgkin-like appearance, 

necessitating differentiation from classic 

Hodgkin lymphoma. There may be in¬ 

volvement of endothelial-lined lymphatic 

or vascular channels, and cases resem¬ 

bling intravascular lymphoma have been 

reported {826}. 

Immunophenotype 
The lymphoma cells usually express 

CD45 but lack pan-B-cell markers such 

as CD19, CD20, and CD79a {2054,2803}. 

Surface and cytoplasmic immunoglobu¬ 

lin is absent. BCL6 is usually absent. Ac¬ 

tivation and plasma cell-related markers 

and a variety of non-lineage associated 

antigens such as HLA-DR, CD30, CD38, 

VS38c, CD138, and EMA are often de¬ 

monstrable. Levels of immunoglobulin 

expression are usually undetectable or 

low. The cells usually lack T/NK-cell an¬ 

tigens, although aberrant expression of 

T-cell markers may occur, and may be 

more frequent in cases of extracavitary 

PEL {308,431,826,3044,3477}. The nu¬ 

clei of the neoplastic cells are positive 

for the HHV8-associated latent protein 

LANAI (also called ORF73) {1065}. This 

is very useful in establishing a diagno¬ 

sis. Despite the usual positivity for EBV 

by in situ hybridization for EBV-encoded 

small RNA (EBER), EBV LMP1 is absent 

{110,775,1683,3946}. EBV-negative PELs 

usually occur in elderly HIV-negative pa¬ 

tients from HHV8-endemic areas such as 

the Mediterranean {3725}. Solid tumours 

constituting the extracavitary variant of 

PEL have a phenotype similar to that of 

PEL but express B-cell associated anti¬ 

gens and immunoglobulins slightly more 

frequently {631}. They may have lower ex¬ 

pression of CD45 but higher expression 

of CD20 and CD79a, as well as aberrant 

expression of T-cell markers {3044}. 

Postulated normal counterpart 
Post-germinal centre B cell with plasma- 

blastic differentiation 

Genetic profile 
Immunoglobulin genes are clonally re¬ 

arranged and hypermutated, indicating a 

B-cell derivation {2565,4234}, Some cas¬ 

es also have rearrangement of TR genes 

in addition to IG genes (so-called geno¬ 

typic infidelity) {1667,3477}. Rare cases 

diagnosed as T-cell PEL have been re¬ 

ported, as well as a case with monoclo¬ 

nal TR and IGH pseudomonoclonality 

due to extremely low numbers of B cells 

(824,2245). Such cases should not be 

diagnosed as PEL. Nearly all cases of 

PEL contain clonal EBV; the exceptions 

are in the non-HIV infected population, 

which may be EBV-negative. No recur¬ 

rent chromosomal abnormalities have 

been identified. HHV8 viral genomes are 

present in all cases. Gene expression 

profiling of AIDS-related PEL shows a dis¬ 

tinct profile, with features of both plasma 

cells and EBV-transformed lymphoblas- 

toid cell lines (2040). PELs lack struc¬ 

tural alterations in the MYC gene but 

have deregulated MYC protein due to the 

activity of HHV8 encoded latent proteins 

{4017}. They also lack mutations in the 

RAS family of genes and TP53, as well 

as rearrangements of CCND1, BCL2, 
and BCL6. A subset have mutations in¬ 

volving BCL6 {1271}. They have complex 

karyotypes with numerous abnormalities, 

including trisomy 12, trisomy 7, and ab¬ 

normalities of 1q21-25 {1271}. Compara¬ 

tive genomic analysis has revealed gains 

in chromosomes 12 and X {2780}. 

Prognosis and predictive factors 
The clinical outlook is extremely un¬ 

favourable, and median survival is 

<6 months. Rare cases have responded 

to chemotherapy and/or immune modu¬ 

lation {1357). 
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HHV8-associated lymphoproliferative ^ 
^ ■ ■ Isaacson F 

disorders Campo E. 
Harris N.L. 

Definition 
In addition to causing Kaposi sarcoma, 

which may involve the lymph nodes, the 

human herpesvirus HHV8 (also called Ka¬ 

posi sarcoma-associated herpesvirus) is 

responsible for a spectrum of lymphopro- 

llferative disorders. These include HHV8- 

positive multicentric Castleman disease 

(MCD); HHV8-positive diffuse large B- 

cell lymphoma (DLBCL), NOS, which fre¬ 

quently arises in the background of MCD; 

and germinotropic lymphoproliferative 

disorder (GLPD). Except for GLPD, these 

disorders are most commonly seen in 

the setting of HIV infection and in HHV8- 

endemic areas, but they can also occur 

in other immunosuppressed states, in¬ 

cluding following transplantation (2238). 

GLPD is most commonly seen in immu¬ 

nocompetent individuals. Primary effu¬ 

sion lymphoma (PEL) and extracavitary 

PEL are also caused by HHV8, but are 

discussed elsewhere (see Primary effu¬ 
sion lymphoma, p. 323). 

Associated conditions 
Kaposi sarcoma is frequently present in 

patients with MCD and HHV8-positive 

DLBCL, NCS, arising in MCD. PEL and 

its extracavitary counterpart may compli¬ 

cate HHV8-positive MCD. 

Other HHV8-positive lymphoproliferative 
disorders 
Although most cases of HHV8-posifive 

lymphoproliferafive disorders fall within 

the spectrum defined above, individual 

cases have been reported in which there 

are overlapping features. For example, 

cases arising in the background of MCD 

intermediate between HHV8-positive 

DLBCL and GLPD have been reported 

in HIV-positive and HIV-negative patients 

{1404A}. They may resemble HHV8- 

positive DLBCL, NCS, but are also posi¬ 

tive for EBV-encoded small RNA (EBER) 

{3052,3616}. Although GLPD tends not to 

progress, one reported case evolved to a 

high-grade HHV8-positive, EBV-positive 

lymphoma {826}. The differential between 

HHV8-positive DLBCL, NCS, and extra¬ 

cavitary PEL may be problematic, but 

most cases of PEL are EBV-positive, lack 

cytoplasmic immunoglobulins, express 

activation and plasma cell-associated 

antigens, including CD30, CD38, CD138, 

and EMA, and arise from a terminally dif¬ 

ferentiated rather than a naive B cell. 

Rare cases of other HHV8-positive lym¬ 

phomas have been described, including 

a case with a Hodgkin-like appearance 

in an immunocompetent patient and cas¬ 

es resembling intravascular large B-cell 

lymphoma {834,1206}. Node-based 

HHV8-positive B-cell lymphomas with 

anaplastic large cell morphology have 

also been reported, and may constitute 

an anaplastic variant of HHV8-positive 

DLBCL, NCS {558,1721}. 

Multicentric Castleman disease 

Definition 
Multicentric Castleman disease (MCD) is 

a clinicopathological entity that encom¬ 

passes a group of systemic polyclonal 

lymphoproliferative disorders in which 

there is a proliferation of morphologi¬ 

cally benign lymphocytes, plasma cells, 

and vessels, due to excessive produc¬ 

tion of cytokines, in particular IL6 {556, 

1133}. Activation of the IL6R signalling 

pathway by the virus plays a key role in 

the development of HHV8-infected B- 

cell lymphoproliferative lesions, including 

MCD {1048}. In patients with HIV, MCD 

is almost always HHV8-related. In the 

absence of HIV, MCD is HHV8-related in 

as many as 50% of cases, and usually 

occurs in HHV8-endemic areas {1029}. 

Table 13.25 Key features of HHV8-positive multicentric Castleman disease (MCD); diffuse large B-cell lymphoma 

(DLBCL), NOS; and germinotropic lymphoproliferative disorder (GLPD) 

HHV8-positive 

Feature HHV8-positlve MCD DLBCL, NOS HHV8-positiveGLPD 

Clinical Generalized Large lymph node Localized or sometimes 

presentation lymphadenopathy Splenic mass multifocal lymph node 

Splenomegaly Extranodal sites 
involvement 

Constitutional symptoms Peripheral blood 

Microscopy Abnormal follicles Sheets of large Retention of architecture 

Plasmablasts predominantly 

in mantle zones 

Interfollicular plasma cell 

hyperplasia 

plasmablastic cells with germinal centres 

containing variable numbers 

of plasmablasts sometimes 

replacing follicles 

Phenotype B-cell antigens +/- B-cell antigens +/- B-cell antigens - 

cIgM lambda + cIgM lambda + Monotypic kappa or lambda 

IRF4" + IRF4" + Any heavy chain 

CD138- CD138- CD138- 

CD30 +/- 

Clonality Polyclonal Monoclonal Polyclonal oroligoclonal 

HHV8 LANAI + + ■r 

EBER - - + 

HIV status +/- +/- - 

Prognosis 
Poor but improved with 

new therapies 
Poor Usually responds to treatment 

EBER, EBV-encoded small RNA. 

^ Also known as MUM1. 
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Fig. 13.148 HHV8-positive multicentric Castleman disease. A B-cell follicle with a regressed, partially hyalinized 
germinal centre. B The mantle zone contains scattered plasmablasts. C B-cell follicle showing partial hyalinization 

of the germinal centre, with an attenuated mantle zone. D Germinal centre containing numerous plasmablasts. 

Fig. 13.149 HHV8-positive multicentric Castleman disease. A Immunostaining for HHV8 LANAI shows localization 

in the plasmablasts present in the mantle zones. B Staining for IgM shows localization within the cytoplasm of the 

plasmablastic cells C Plasmablasts are negative for kappa light chains. The interfollicular reactive plasma cells stain 

positively. D Plasmablasts stained for lambda light chains show lambda light chain restriction. 

MCD is idiopathic in HHV8-negative 

and HIV-negative patients. Idiopathic 

HIV- and HHV8-negative multicentric 

Castleman disease (iMCD) is a systemic 

disease with constitutional symptoms, 

laboratory abnormalities, and multicen¬ 

tric lymphadenopathy characterized by 

polytypic plasmacytosis and variably 

prominent hypervascular or regressed 

germinal centres {1132A,3475A,4450A}. 

The diagnosis requires exclusion of in¬ 

fectious, neoplastic, and autoimmune 

diseases that may have similar clinical 

presentations. In this syndrome, the 

hypercytokinaemia may be driven by 

inflammatory disease or inflammatory 

gene mutations, autoantibodies, ectopic 

cytokine secretion, as seen in paraneo¬ 

plastic syndromes, or viral signalling by a 

non-HHV8 virus {1133}. 

Epidemiology 
HHV8-positive MCD occurs worldwide 

in immunosuppressed patients, particu¬ 

larly in association with HIV/AIDS, It may 

also affect immunocompetent individuals 

in HHV8-endemic areas (e.g. sub-Saha¬ 

ran Africa and Mediterranean countries) 

(425), In HIV-infected patients, there is 

a strong association with sexual trans¬ 

mission, and men are predominantly 

affected. 

Etiology 
MCD is a heterogeneous group of dis¬ 

orders thought to arise from excessive 

hypercytokinaemia, most notably of IL6 

{1133}. In HHV8-positive MCD, the plas¬ 

mablastic ceils are infected with HHV8, 

which produces viral IL6. In addition, 

HHV8-encoded proteins and microRNAs 

provide proliferative and anti-apoptotic 

signals contributing to the pathogenesis. 

These include LANAI, LANA2, IL10, 

vFLlP, and miR-K1 {116,156,172,1895, 

4090}. HHV8-encoded vGPCR induces 

expression of proinflammatory and an¬ 

giogenic factors contributing to the in¬ 

flammatory and hyperproliferative nature 

of the lesions, and also constitutively 

activates the nuclear factor of activated 

T cells {3097}. 

Localization 
HHV8-positive MCD usually presents 

with generalized lymphadenopathy and 

splenomegaly. 

Clinical features 
Patients with HHV8-positive MCD pre¬ 

sent with constitutional symptoms, en¬ 

larging lymph nodes, and splenomegaly. 

Constitutional symptoms include fever, 

night sweats, fatigue, weight loss, and 

respiratory symptoms {440). Kaposi sar¬ 

coma is commonly also present {1064, 

2968}. In addition to lymphadenopathy, 

patients may have hepatosplenomegaly 

and a skin rash {556}. Laboratory find¬ 

ings include anaemia, thrombocytope¬ 

nia, hypoalbuminaemia, hypergamma- 

giobulinaemia, and elevated C-reactive 
protein {556}. 

Microscopy 
The B-cell follicles of lymph nodes and 

spleen show varied degrees of involution 

and hyalinization of their germinal cen- 
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tres, with prominent mantle zones that 

may intrude into the germinal centres and 

completely efface them. Follicles may 

show onion skinning or widened concen¬ 

tric rings of mantle zone lymphocytes, 

and prominent penetrating venules typi¬ 

cal of Castleman disease. Among these 

mantle zone cells and adjacent interfol- 

licular regions, there are variable num¬ 

bers of medium-sized to large plasma- 

blastic cells with amphophilic cytoplasm 

and vesicular, often eccentrically placed 

nuclei containing one or two prominent 

nucleoli. The blasts may be single in the 

intrafollicular and perifollicular areas, or 

may form small clusters or aggregates. 

Sheets of mature plasma cells expand 

the interfollicular region, including cells 

with cytoplasmic inclusions (Russell bod¬ 

ies) and crystalline forms. As the dis¬ 

ease progresses, the plasmablasts may 

coalesce to form clusters {1064,1404A). 

There may be clonal expansion of these 

clusters to form sheets of lymphoma cells 

effacing the architecture, with progres¬ 

sion to HHV8-positive diffuse large B-cell 

lymphoma, NOS (see below). 

Immunophenotype 
The plasmablasts in MOD show stip¬ 

pled nuclear staining for HHV8 LANA1 

and strong clgM expression, with lamb¬ 

da light chain restriction. A proportion 

of the plasmablasts are positive for vi¬ 

ral IL6. Plasmablasts have a CD20-I-/-, 

CD79a-/+, CD138-, PAX5-, CD38-/+, 

CD27- phenotype and are negative for 

EBV-encoded small RNA (EBER) (2968). 

The interfollicular plasma cells are typi¬ 

cally cIgM-negative and cIgA-positive, 

express polytypic light chains, and do 

not show nuclear expression of LANA1 

antigen. 

Postulated normal counterpart 
A naive B cell 

Genetic profile 
Despite the constant expression of mono- 

typic IgM lambda by the plasmablasts in 

HHV8-positive MCD, careful molecular 

studies have shown that they constitute 

a polyclonal population (1048). The pias- 

mablastic aggregates that can develop 

during the progression of MCD may be 

monoclonal or oligoclonal. 

Prognosis and predictive factors 
Prognosis has been poor, related to the 

lymphoid proliferation and underlying 

immune disorder. However, multitarget 

treatment strategies including rituximab, 

antiherpesvirus therapy, and targeted 

therapy against IL6 have improved out¬ 

come (556,1133,2064,4090), 

HHVd-positive diffuse large 
B-cell lymphoma, NOS 

Definition 
HHV8-positive diffuse large B-cell lym¬ 

phoma (DLBCL), NOS, usually arises 

in association with HHV8-positive multi¬ 

centric Castleman disease (MCD). How¬ 

ever, similar lymphomas (HHV8-positive, 

EBV-positive, with lambda light chain 

restriction) have been reported in the 

absence of MCD (1108), The lymphoma 

is characterized by a monoclonal prolif¬ 

eration of HHV8-infected lymphoid cells 

resembling plasmablasts expressing 

IgM lambda. It is usually associated with 

HIV infection. The cells may morpholog¬ 

ically resemble plasmablasts and have 

abundant cytoplasmic immunoglobulin; 

however, they correspond to a naive, 

IgM-producing B cell without IG somat¬ 

ic hypermutations. This lymphoma must 

be distinguished from plasmablastic 

lymphomas presenting in the oral cavity 

or other extranodal sites that frequently 

show class-switched and hypermutated 

IG genes. HHV8-positive DLBCLs, NOS, 

differ from primary effusion lymphoma 

(PEL) in that they are EBV-negative, do 

not have IG gene mutations, and are 

thought to arise from naive IgM lambda¬ 

positive B cells rather than terminally dif¬ 

ferentiated B cells. 

ICD-0 code 9738/3 

Epidemiology 
Among patients with HIV and MCD, the 

risk of developing non-Hodgkin lym¬ 

phoma is 15 times that within the general 

HIV-positive population (2700,2968), In 

a series of 60 patients with HIV-positive 

MCD, 6 patients developed HHV8-posi- 

tive DLBCL with a plasmablastic appear¬ 

ance (2968). 

Fig. 13.151 HHV8-positive diffuse large B-cell lymphoma, NOS, arising in multicentric Castleman disease. A 

Sheets of plasmablasts efface normal lymph node architecture, B High magnification showing sheets of neoplastic 

plasmablasts. C Tumour cells are negative for immunoglobulin kappa light chain. D Tumour cells are positive for 

lambda light chain indicating lambda light chain restriction. 

Fig. 13.150 Leukaemic HHV8-positive diffuse large B- 

cell lymphoma, NOS, arising in multicentric Castleman 

disease. Wright-Giemsa-stained tumour cells in the 

peripheral blood. 
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Etiology 
By definition, the large lymphoid/plasma- 

blastic cells in all cases are positive for 

HHVS, The molecular mechanisms in¬ 

volved in this lymphoma seem similar to 

those of the other HHV8-positive entities 

{116,156,172,1895}. 

Localization 
HHV8-positive DLBCL, NOS, character¬ 

istically involves the lymph nodes and/or 

spleen, but can disseminate to other vis¬ 

cera, including the liver, lungs, and gas¬ 

trointestinal tract, and can also manifest 

as a leukaemia, with involvement of the 

peripheral blood (1064,2968), 

Clinical features 
HHV8-positive DLBCL, NOS, usually 

arises in patients with clinical features 

of HHV8-positive MOD, HHV8-positive 

DLBCL, NOS, usually manifests with pro¬ 

found immunodeficiency, enlarging lymph 

nodes, and massive splenomegaly. There 

may also be manifestations of Kaposi sar¬ 

coma (1064,2968). More rarely, HHV8- 

positive DLBCL, NOS, may arise in the 

absence of MCD (826,1108,1404A). 

Microscopy 
The emergence of frank lymphoma is 

heralded by expansion of the small con¬ 

fluent sheets of HHVS LANAI-positive 

plasmablasts to efface the lymph node 

and splenic architecture, often with mas¬ 

sive splenomegaly. The large plasmab- 

lastic cells have vesicular, often eccentri¬ 

cally placed nuclei containing one or two 

prominent nucleoli and amphophilic cy¬ 

toplasm. Infiltrates can also be present in 

the liver, lungs, and gastrointestinal tract, 

and in some cases there is involvement 

of the bone marrow and peripheral blood 

by HHV8-positive IgM lambda plasmab¬ 

lasts (1064,2968,2969). Distinction from 

extracavitary PEL may be difficult, but 

EBV is usually positive in extracavitary 

PEL and there may be kappa or lambda 

light chain restriction. 

Immunophenotype 
The malignant large plasmablastic lym¬ 

phoid cells show stippled nuclear stain¬ 

ing for LANAI, and like the plasmablasts 

in HHV8-positive MCD, strongly express 

cIgM with lambda light chain restriction 

(2968). They have a CD20-i-/-, CD79a-, 

CD138-, CD38-/-I-, CD27- phenotype, 

and are negative for EBV-encoded small 

RNA(EBER). 

Postulated normal counterpart 
A naive B cell 

Genetic profile 
Frank HHV8-positive DLBCLs, NOS, are 

monoclonal. The IG genes are unmutat¬ 

ed, unlike in PEL and extracavitary PEL, 

in which IG genes are clonally rearranged 

and hypermutated. 

Prognosis and predictive factors 
HHV8-positive DLBCL, NOS, is an ex¬ 

tremely aggressive disorder. 

HHVd-positive germinotropic 
lymphoproliferative disorder 

Definition 
HHV8-positive germinotropic lymphopro¬ 

liferative disorder (GLPD) is a monotypic 

HHV8-positive lymphoproliferative le¬ 

sion that usually occurs in HIV-negative 

individuals (1047,1404A). HHV8-positive 

Fig. 13.152 HHV8-positive germinotropic lymphoproliferative disorder. A Germinal centre replaced by confluent sheets of plasmablasts. B Germinal centre largely replaced by 
plasmablasts. C Plasmablasts are seen within a hyperplastic germinal centre. D Clusters of plasmablasts within hyperplastic germinal centres. 
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Fig. 13.153 HHV8-positive germinotropic lymphoproliferative disorder, 

are positive for EBV-encoded small RNA (EBER). 

plasmablasts partially or completely 

replace germinal centres {1047,2938, 

3904). The plasmablasts show either 

kappa or lambda light chain restriction 

but are polyclonal or oligoclonal. Coin¬ 

fection with EBV is characteristic. 

lCD-0 code 9738/1 

Epidemiology 
GLPD mainly affects immunocompetent 

individuals, but occasional cases have 

been described in HIV-positive patients 

j1404A). There is no known epidemio¬ 

logical association. 

Etiology 
The large plasmablastic cells are positive 

for HHV8 in all cases. Unlike in MCD and 

HHV8-positive DLBCL, NOS, in GLPD, 

the large cells are also positive for EBV- 

encoded small RNA (EBER). The contri¬ 

bution of EBV to the pathogenesis is un¬ 

certain. Occasional EBV-negative cases 

have been described {1404A). 

Localization 
GLPD involves the lymph nodes. 

Clinical features 
The disorder presents with localized and 

sometimes multifocal lymph node involve¬ 

ment in otherwise healthy individuals. 

Microscopy 
There is overall retention of nodal archi¬ 

tecture. The lymphoid proliferation is 

characterized by medium-sized to large 

lymphoid cells resembling plasmablasts 

that involve or replace germinal centres. 

In some nodes, there may be atrophic fol¬ 

licles resembling those seen in multicen¬ 

tric Castleman disease. 

Immunophenotype 
Plasmablastic cells are negative for 

CD20, CD79a, CD138, BCL6, and 

CD10, and negative or positive for CD30. 

Occasional cases may co-express CD3 

in the absence of other T-cell mark¬ 

ers {1404A}. They may be positive for 

IRF4/MUM1 and may show monotypic 

kappa or lambda light chain, unlike the 

cells in multicentric Castleman disease, 

which are always lambda-positive. In 

some cases, immunoglobulin expression 

cannot be demonstrated. They are posi¬ 

tive for HHV8 LANAI and EBER. Cases 

are negative for the EBV latency proteins 

LMP-1, EBNA2, and BZLF-1 indicating 

latency 1 {366A). 

Postulated normal counterpart 
A germinal centre B cell {1047} 

Genetic profile 
Despite the constant expression of mono¬ 

typic immunoglobulin, HHV8-positive 

GLPD has a polyclonal or oligoclonal pat¬ 

tern of IG gene rearrangements. There may 

be somatic mutation and intraclonal varia¬ 

tion in the rearranged IG genes {1047}. 

Prognosis and predictive factors 
In most cases, there is a favourable re¬ 

sponse to chemotherapy or radiation 

{1047}. However, there are rare cases 

with features of both GLPD and HHV8- 

positive diffuse large B-cell lymphoma, 

NCS; one reported case in an HIV-neg¬ 

ative patient progressed from GLPD to 

HHV8-positive EBV-positive diffuse large 

B-cell lymphoma, NCS, suggesting that 

there can be overlap between these con¬ 

ditions {826,3616,1404A}. 
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Fig. 13.154 Endemic Burkitt lymphoma. A This patient from the malaria belt region in Uganda presented with a 

iarge jaw tumour. B The mass underwent rapid shrinkage with subsequent complete remission after treatment with 
high dose cyclophosphamide therapy. 

Definition 
Burkitt lymphoma (BL) is a highly aggres¬ 

sive but curable lymphoma that often pre¬ 

sents in extranodal sites or as an acute 

leukaemia. It is composed of monomor- 

phic medium-sized B cells with baso¬ 

philic cytoplasm and numerous mitotic 

figures, usually with a demonstrable MYC 
gene translocation to an IG locus. The 

frequency of EBV infection varies accord¬ 

ing to the epidemiological subtype of BL. 

No single parameter, such as morphol¬ 

ogy, genetic analysis, or immunopheno- 

typing, can be used as the gold standard 

for diagnosis of BL; a combination of sev¬ 

eral diagnostic techniques is necessary. 

ICD-0 code 9687/3 

Synonyms 
Burkitt tumour (obsolete); malignant lym¬ 

phoma, undifferentiated, Burkitt type (ob¬ 

solete); malignant lymphoma, small non- 

cleaved, Burkitt type (obsolete); Burkitt 

cell leukaemia (9826/3) 

Epidemiology 
Three epidemiological variants of BL 

are recognized, which mainly differ in 

their geographical distribution, clinical 

presentation, subtle morphological as¬ 

pects, molecular genetics, and biologi¬ 

cal features. 

Endemic BL occurs in equatorial Africa 

and in Papua New Guinea, with a dis¬ 

tribution that overlaps with regions en¬ 

demic for malaria. In these areas, BL is 

the most common childhood malignancy, 

with an incidence peak among children 

aged 4-7 years and a male-to-female ra¬ 

tio of 2:1 {503,4369}. 

Sporadic BL is seen throughout the world, 

mainly in children and young adults. The 

Incidence is low, accounting for only 

1-2% of all lymphomas In western Eu¬ 

rope and in the USA. In these countries, 

BL accounts for approximately 30-50% 

of all childhood lymphomas. The median 

age of the adult patients is 30 years, but 

there is also an incidence peak in elderly 

patients (2590}. The male-to-female ratio 

is 2-3:1. In some parts of the world (e.g. 

South America and northern Africa), the 

incidence of BL is intermediate between 

that of sporadic BL in developed coun¬ 

tries and endemic BL {2441,3258}. 

Immunodeficiency-associated BL is more 

common in the setting of HIV Infection 

than in other forms of immunosuppres¬ 

sion. In HIV-infected patients, BL appears 

early in the progression of the disease, 

when CD4-I- T-cell counts are still high 

{2332,3309}. The increased risk of devel¬ 

oping BL seems to have persisted among 

HIV-infected patients over time, across 

the pre- and post-HAART eras (1370). 

Fig. 13.155 Burkitt lymphoma (BL). Bilateral breast 

involvement may be the presenting manifestation 

during pregnancy and puberty. BL cells have prolactin 
receptors. 

Etiology 
In all patients with endemic BL, the EBV 

genome is present in >95% of the neo¬ 

plastic cells. There is also a strong epide¬ 

miological link with holoendemic malaria. 

Therefore, EBV and Plasmodium falcipa¬ 
rum are thought to be responsible for en¬ 

demic BL {915,1870}. Recent data have 

provided new insight into how these two 

human pathogens interact to cause the 

disease, supporting the emerging con¬ 

cepts of polymicrobial disease patho¬ 

genesis {688,2692,2937,3285,3368}. 

Malaria and EBV are ubiquitous within 

the lymphoma belt of Africa, suggesting 

that other etiological agents may also be 

involved, including arboviruses, schis¬ 

tosomiasis, and plant tumour promoters 

{4121,4122,2486}. A recent study using 

RNA sequencing found herpesviruses 

in 12 of 20 cases (60%) of endemic BL, 

in particular HHV5 and HHV8, and con¬ 

firmed their presence by immunohisto- 

chemistry in the adjacent non-neoplastic 

tissue {8}. The polymicrobial nature of en¬ 

demic BL is further supported by the sta¬ 

tus of B-cell receptor, which carries the 

signs of antigen selection due to chronic 

antigen stimulation {84,3171}. 

In sporadic BL, EBV can be detected in 
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Fig. 13.156 Sporadic Burkitt lymphoma with bilateral 
ovarian tumours. 

approximately 20-30% of cases; how¬ 

ever, low socioeconomic status and early 

EBV infection are associated with a higher 

prevalence of EBV-positive cases {2441). 

The proportion of EBV-positive sporadic 

BL appears to be much higher in adults 

than in children {3531). In immunodeficien¬ 

cy-associated cases, EBV is identified in 

only 25-40% of cases {1531,3396). The 

variation in EBV association among the 

different forms of BL and among different 

countries makes it difficult to determine 

the role of the virus in BL pathogenesis. 

EBV may impact host ceil homeostasis in 

various ways by encoding its own genes 

and microRNAs and by interfering with 

cellular microRNA expression {85,1982, 

2283,3173,4181). However, recent stud¬ 

ies have shown that the mutation land¬ 

scape and viral landscape of BL is more 

complex than previously reported. In fact, 

a distinct latency pattern of EBV involving 

the expression of L1VIP2 along with that 

of lytic genes has been demonstrated {8, 

158,4003). These results confirm recent 

evidence that LIVIP2A cooperates in re¬ 

programming normal B-lymphocyte func¬ 

tion and increases MVC-driven lympho- 

magenesis through activation of the PI3K 

pathway, crucial cooperating mecha¬ 

nisms of /W/C transformation {1008,1221, 

3509). However, expression of the latency 

pattern in BL is heterogeneous, not only 

from case to case, but also within a given 

case from cell to cell, suggesting that the 

tumour is under selective pressure and 

needs alternative mechanisms to survive 

and proliferate. 

Localization 
Extranodal sites are most often involved, 

with some variation among the epide¬ 

miological variants. However, in all three 

Fig. 13.157 Burkitt lymphoma. Touch imprint. The 

deeply basophilic cytoplasm can be appreciated, as can 

abundant lipid vacuoles in the cytoplasm. 

variants, patients are at risk for CNS in¬ 

volvement. In endemic BL, the jaws and 

other facial bones (e.g. the orbit bones) 

are the site of presentation in about 50- 

70% of cases. The distal ileum, caecum, 

omentum, gonads, kidneys, long bones, 

thyroid, salivary glands, and breasts are 

frequently involved. Bone marrow in¬ 

volvement may be present, but may not 

be associated with leukaemic expression 

{503,2912). In sporadic BL, tumours in fa¬ 

cial structures, in particular the jaws, are 

very rare. Most cases present with ab¬ 

dominal masses. The ileocaecal region 

Fig. 13.158 Burkitt lymphoma. In one case, Giemsa (A) and H&E (B) staining highlights uniform tumour cells with multiple small nucleoli and finely dispersed chromatin. In another 

case, Giemsa (C) and H&E (D) staining highlights greater nuclear irregularity. 
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Fig. 13.159 Burkitt lymphoma. Immunohistochemistry shows strong and homogeneous positivity for Ki-67 by MIB1 antibody staining (A) and for CD10 (B). Break-apart FISH for 

MYC (C) shows one allele with colocalization of both probes (red and green) and one allele with separation of the probes. From; Haralambieva E, et al. {1550}. 

is the most frequent site of involvement. 

Like in endemic BL, the ovaries, kidneys, 

and breasts may also be involved {4369}. 

Breast involvement, often bilateral and 

massive, has been assoeiated with onset 

during puberty, pregnancy, or lactation. 

Retroperitoneal masses may result in spi¬ 

nal cord compression with paraplegia. 

Lymph node presentation is unusual, but 

more common in adults than in children. 

Waldeyer ring or mediastinal involvement 

is rare. In immunodeficiency-associated 

BL, nodai localization and bone marrow 

involvement are frequent (3396). 

Clinical features 
Patients often present with bulky disease 

and high tumour burden due to the short 

doubling time of the tumour. In the typical 

paediatric cases, the parents of affected 

children usually report symptoms of only 

a few weeks' duration. Specific clinical 

manifestations at presentation may vary 

according to the epidemiological sub- 

type and the site of involvement. 

Paediatric BL cases are staged accord¬ 

ing to the system proposed by Murphy 

and Hustu {2793}. A revised international 

paediatric non-Hodgkin lymphoma stag¬ 

ing system has been recently proposed 

{3417}. Localized-stage (I or II) disease 

and advanced-stage (III or IV) disease 

are found in approximately 30% and 70% 

of patients, respectively, at presentation, 

Upon initiation of therapy, a tumour lysis 

syndrome can occur due to rapid tumour 

cell death. 

Burkitt leukaemia variant 
A leukaemic phase can be observed in 

patients with bulky disease, but only rare 

cases, typically in males, present purely 

as leukaemia with peripheral blood and 

bone marrow involvement {2443,2444, 

3741}, Burkitt leukaemia tends to involve 

the CNS at diagnosis or early in the dis¬ 

ease course. Its high and immediate che- 

mosensitivity easily leads to an acute tu¬ 

mour lysis syndrome, involvement of the 

bone marrow or presentation as acute 

leukaemia is uncommon in endemic BL 

(2442}. 

Macroscopy 
Involved organs are replaced by masses 

with afish-flesh appearance, often associ¬ 

ated with haemorrhage and necrosis. Ad¬ 

jacent organs or tissues are compressed 

and/or infiltrated. Nodal involvement is 

rare in endemic and sporadic BL, but 

more frequent in immunodeficiency-asso¬ 

ciated BL. Even when nodal involvement 

is not present, uninvolved lymph nodes 

may be surrounded by tumour. 

Microscopy 
The prototype of BL is observed in en¬ 

demic BL, in a high proportion of spo¬ 

radic BL cases, in particular in children, 

and in many cases of immunodeficiency- 

related BL, The tumour cells are medium¬ 

sized and show a diffuse monotonous 

pattern of growth. The cells appear to be 

cohesive but often exhibit squared-off 

borders of retracted cytoplasm in forma¬ 

lin-fixed material. The nuclei are round, 

with finely clumped chromatin, and con¬ 

tain multiple basophilic medium-sized, 

paracentrally located nucleoli. The cyto¬ 

plasm is deeply basophilic and usually 

contains lipid vacuoles, which are better 

seen in imprint preparations or fine-nee¬ 

dle aspiration cytology. The tumour has 

an extremely high proliferation rate, with 

many mitotic figures, as well as a high 

rate of spontaneous cell death (apopto¬ 

sis). A so-called starry sky pattern is usu¬ 

ally present, which is due to the presence 

of numerous tingible body macrophages. 

Some cases have a florid granulomatous 

reaction that may cause difficulties in the 

recognition of the tumour. These cases 

typically present with limited stage dis¬ 

ease and have an especially good prog¬ 

nosis {1549,1666}. 

Some cases of BL may show greater nu¬ 

clear pleomorphism despite clinical, im- 

munophenotypic, and molecular features 

characteristics of typical BL. in such cas¬ 

es, the nucleoli may be more prominent 

and fewer in number. In other cases, par¬ 

ticularly in adults with immunodeficiency, 

the tumour cells exhibit plasmacytoid 

differentiation, with eccentric basophilic 

cytoplasm and often a single central 

nucleolus {3396}. These morphological 

features are consistent with gene expres¬ 

sion profile studies suggesting that the 

morphological spectrum of BL is broader 

than previously thought {1732}. 

Immunophenotype 
The tumour cells typically express mod¬ 

erate to strong membrane IgM with light 

chain restriction, B-celi antigens (CD19, 

CD20, CD22, CD79a, and PAX5), and 

germinal centre markers (CD10 and 

BCL6). CD38, CD77, and CD43 are also 

frequently positive {280,2190,2826). Al¬ 

most all BLs have strong expression of 

MYC protein in most cells {3902}, The 

proliferation rate is very high, with neariy 

100% of the cells positive for Ki-67. The 

characteristic cytoplasmic lipid vesicles 

can also be demonstrated by immunohis¬ 

tochemistry on paraffin-embedded tissue 
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Fig. 13.160 Burkitt lymphoma (BL), molecular pathogenesis. TCF3 modulates germinal centre genes and Is preferen¬ 

tially expressed in the highly proliferative area of this structure, recognized histologically as the dark zone (DZ). TCF3 

also regulates survival and proliferation of lymphoid cells through the BCR and PI3K signalling pathway and by modu¬ 

lating cell cycle regulators such as CCND3. TCF3 also induces its own inhibitor, IDS, creating an autoregulatory loop 

that may attenuate this programme and facilitate the transition of the germinal centre cells to the light zone (LZ). MYC is 

not normally expressed in cells of the DZ and is upregulated in the LZ. Its induction of IDS may contribute to the attenua¬ 

tion of the TCF3 pathway in the normal germinal centre. Burkitt lymphoma frequently harbours mutations in ID3, TCF3 
and CCND3 that activate the TCF3 pathway. The t(8;14) translocation present in BL dysregulates MYC. Cooperation 

of these two pathways plays a crucial role in BL, in which virtually all cells are proliferating. From Campo E {540A}. 

sections using a monoclonal antibody 

against adipophilin |86). There are very 

few infiltrating T cells. TCL1 is strongly 

expressed in most paediatric BLs {321, 

3385). The neoplastic cells are usually 

negative for CDS, CD23, CD138, BCL2, 

and TdT. The immunophenotype may be 

more variable in sporadic BLs in older 

patients {280). Aberrant phenotypes, 

such as CDS expression, lack of CD10, 

or weak BCL2 expression in a variable 

number of cells, have been described 

in these cases {1547,2339,2543). How¬ 

ever, high BCL2 expression should sug¬ 

gest the presence of an additional BCL2 
breakpoint consistent with high-grade B- 

cell lymphoma with MYC and BCL2 ar\6l 
or 6CL6 rearrangements. Several scoring 

systems have been proposed to facilitate 

the differential diagnosis between BL and 

similar lymphomas {1547,2826). 

Unlike in B-lymphoblastic leukaemia, 

the blasts of Burkitt leukaemia have a 

phenotype similar to that of typical BL. 

However, approximately 2% of otherwise 

classic paediatric Burkitt leukaemias with 

a t(8;14)(q24;q32) or variant translocation 

involving MYC have a phenotype of pre¬ 

cursor B cells, with expression of TdT and 

sometimes CD34, and absence of CD20 

and surface immunoglobulin expression 

{2844). The reason for this aberrant phe¬ 

notype is unknown. 

Postulated normal counterpart 
A germinal centre B cell 

Genetic profile 
Antigen receptor genes 
The tumour cells show clonal IG 

rearrangements with somatic hypermuta¬ 

tion and intraclonal diversity {84). 

Cytogenetic abnormalities 
The molecular hallmark of BL is the trans¬ 

location of MYC at band 8q24 to the IGH 

region on chromosome 14q32, t(8;14) 

(q24;q32), or less commonly to the IGK 

locus on 2p12 [t(2;8)] or the IGL locus 

on 22q11 [t(8;22)]. Most breakpoints 

originate from aberrant somatic hyper¬ 

mutation mediated by the activity of ac- 

fivation-induced cytidine deaminase, in 

contrast to the previous assumption that 

they derived from aberrant VDJ gene 

recombination, and the translocation pri¬ 

marily involves the switch regions of the 

IGH locus. In sporadic and immunodefi¬ 

ciency-associated BL, most breakpoints 

are nearby or within MYC, whereas in 

endemic cases most breakpoints are 

dispersed over several hundred kilobas- 

es further upstream of fhe gene {2093). 

MYC translocations are not specific for 

BL, and may occur in other types of lym¬ 

phoma. Addifional chromosomal abnor¬ 

malities may also occur in BL, including 

gains of 1q, 7, and 12 and losses of 6q, 

13q32-34, and 17p, that may play a role 

in the progression of the disease {195, 

2507,3579,4036). 

Approximately, 10% of classic BL cases 

lack an Identifiable MYC rearrangement 

{1550,1732,1827,2282). However, none 

of the techniques currently used to diag¬ 

nose genetic changes can unambigu¬ 

ously rule out all MYC translocations 

{1827), in particular due to very distant 

breakpoints or insertions of the MYC 
gene in an IG locus or vice versa. The 

expression of MYC mRNA and protein in 

these cases suggests that there are also 

alternative mechanisms deregulating 

MYC {2282,2979,3579). In these cases, 

strict clinical, morphological, and pheno¬ 

typic criteria should be used to exclude 

lymphomas that can mimic BL. At least 

some of these cases constitute the new 

provisional entity Burkitt-like lymphoma 

with 11q aberration. 

Gene expression profile 
Gene and microRNA expression profil¬ 

ing can identify molecular signatures that 

are characteristic of BL and different from 

those of other lymphomas (e.g. diffuse 

large B-cell lymphoma) {877,1732,2275, 

3171). Slight differences in the expression 

profiles have been identified between 

the endemic and sporadic BL subtypes 

{2275,3171). In addition, molecularly de¬ 

fined BLs do include some cases that 

are best not diagnosed as BL, and some 

cases of BL may have a gene expression 

profile intermediate between those of BL 

and diffuse large B-cell lymphoma. 

Next-generation sequencing 
Next-generafion sequencing analysis 

has revealed the importance of the B-cell 

receptor signalling pathway in the patho¬ 

genesis of BL. Mutations of the transcrip¬ 

tion factor TCF3 (also known as E2A) 
or its negative regulator ID3 have been 

reported in about 70% of sporadic BL 

cases. These mutations activate B-cell 

receptor signalling, which sustains BL 

cell survival by engaging the PI3K path¬ 

way {2401,3354,3509,3573). Other recur¬ 

rent mutations, in CCND3, TP53, RHOA, 
SMARCA4, and ARID1A, occur in 5-40% 

of BLs {1381,2112,2401,3354,4225). Both 

the number of mutations overall and the 

proportion of cases with mutations in 

TCF3 or ID3 are lower in endemic than 

sporadic BL {8,3573). An inverse correla¬ 

tion between EBV infection and the num¬ 

ber of mutations has been observed, sug¬ 

gesting that these mutations may serve in 

place of fhe virus for the activation of the 

B-cell receptor signalling {8,1381). 
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Genetic susceptibility 
Individuals with X-linked lymphoprolifera- 

tive syndrome (also known as 'Duncan 

disease’) associated with SH2D1A muta¬ 

tions are at greatly increased risk of de¬ 

veloping BL. 

Prognosis and predictive factors 
BL is a highly aggressive but potentially 

curable tumour; intensive chemotherapy 

leads to long-term overall survival in 70- 

90% of cases, with children doing better 

than adults. However, there are several 

adverse prognostic factors: advanced- 

stage disease, bone marrow and CNS 

involvement, unresected tumour >10 cm 

in diameter, and high serum lactate de¬ 

hydrogenase levels. Relapse, if it occurs, 

is usually seen within the first year after 

diagnosis. The overall survival rate in en¬ 

demic BL has improved from <10-20% 

to almost 70% due to the introduction 

of the International Network for Cancer 

Treatment and Research (INCTR) proto¬ 

col INCTR 03-06 in African institutions 

(2861). 

Leoncini L. Jaffe E.S. 

Campo E. Kluin RM. 

Stein H. 

Harris N.L. 

Burkitt-like lymphoma with 
11q aberration 

Definition 
Burkitt-like lymphoma with 11q aberra¬ 

tion is a subset of lymphomas identified 

by several recent studies that resem¬ 

ble Burkitt lymphoma (BL) morphologi¬ 

cally, to a large extent phenotypically, 

and in terms of microRNAs and gene 

expression profile, but that lack MYC 
rearrangements. Instead, they have a 

chromosome 11q alteration character¬ 

ized by proximal gains and telomeric 

losses: specifically, interstitial gains 

including a minimal region of gain in 

11q23.2-23.3 and losses of 11q24.1-ter 

(195,3175,3490). These lymphomas lack 

the 1q gain frequently seen in BL and 

have more-complex karyotypes than BL. 

They also have a certain degree of cy- 

tological pleomorphism, occasionally a 

follicular pattern, and frequently a nodal 

presentation (3490,4454). The clinical 

course seems to be similar to that of BL, 

but only a limited number of cases have 

been reported. Very similar cases have 

also been reported in the post-transplant 
setting (1191). 

ICD-0 code 9687/3 

Fig. 13.161 Burkitt-like lymphoma with 11q aberration. The tumour cells are medium-sized to large, with a high mitotic 
index. A starry-sky pattern is usually seen. 
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Fig. 13.162 Burkitt-like lymphoma with 11q aberration. Chromosomal view of chromosome 11 analysed by OncoScan 
array, depicting gains of 11q21-23.3 in blue and terminal losses of 11q23.3-25 in red. 
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Definition 
High-grade B-cell lymphoma (HGBL) 

is a group of aggressive, mature B-cell 

lymphomas that for biological and clini¬ 

cal reasons should not be classified as 

diffuse large B-cell lymphoma (DLBCL), 

NOS, or as Burkitt lymphoma (BL). There 

are two categories of HGBL (1547,3846). 

The first category, HGBL with MYC and 

BCL2 and/or BCL6 rearrangements, en¬ 

compasses all B-cell lymphomas (except 

some rare follicular lymphomas and B- 

lymphoblastic leukaemia/lymphomas) 

that have a MYC (8q24) rearrangement 

in combination with a BCL2 {'\8q2^) and/ 

or a 8CL6 (3q27) rearrangement, i.e. the 

so-called double-hit and triple-hit lym¬ 

phomas, Morphologically, these cases 

typically either resemble DLBCL, NOS, 

or can have features of both BL and 

DLBCL (referred to in the 2008 WHO 

classification as B-cell lymphoma, un- 

Morphology Blastoid DLBCL 

IHC 

FISH 

DLBCL/BL BL 

WHO Lymphoblastic High grade B DLBCL 

NOS 

High grade B BL 

DH 

Fig. 13.163 Diagnostic algorithm useful in the differential diagnosis of the high-grade B-cell lymphomas. This 

scheme is intended to help pathologists classify many of the aggressive B-cell lymphomas, using the morphology 

seen on an H&E-stained slide as the starting point. The various morphologies are listed in the top row. *Blastoid+ 

morphology means that the case looks like a lymphoblastic lymphoma; this term is also used for some aggressive 

variants of mantle cell lymphoma. *DLBCL+ morphology means that the case is a B-cell lymphoma with the morpho¬ 

logical features of a diffuse large B-cell lymphoma (DLBCL), NOS. ‘DLBCL/BL+ morphology means that the case 

has morphological features of both DLBCL and Burkitt lymphoma (BL), with a relatively monotonous appearance with 

or without a starry-sky pattern; in the 2008 edition of the WHO classification, such cases were designated as B-cell 

lymphoma, unclassifiable, with features intermediate between DLBCL and BL. Please note that while some cases 

of BL have a somewhat atypical morphological appearance that might suggest DLBCL/BL, finding a typical Burkitt 

lymphoma phenotype (CD10+, BCL2-) and an isolated \GHIMYC translocation cannot be used by themselves to make 

a definitive diagnosis of BL in a case with a DLBCL/BL morphologic appearance if the morphologic or other features 

are considered to be too atypical. The current WHO diagnostic categories are listed in the bottom row; differential 

diagnoses not included in this chapter are not shown. Only the minimum immunohistochemical (IHC) and molecular 

requirements are shown. Prognostic tests are not included. 
DH, double hit (i.e, rearrangement of MYC and BCL2 and/or eCL6); FISH, FISH or a comparable method; FL, 

follicular lymphoma; High grade B, high-grade B-cell lymphoma; Lymphoblastic, proven B-lymphoblastic leukaemia/ 

lymphoma, de novo or progressed from an antecedent or synchronously diagnosed FL; SH MYC-IG, single hit with IG/ 

/WYCfusion but no translocations involving BCL2, BCL6, or CCND1. As discussed in the section on Burkitt lymphoma, 

some cases of molecular BL, in particular post-transplant BL, lack a MYC rearrangement but have specific 11q 

abnormalities. These cases are best considered to be a Burkitt-like lymphoma with 11q aberration. 

classifiable, with features intermediate 

between DLBCL and BL). Less com¬ 

monly, they have a blastoid appearance, 

morphologically mimicking lymphoblas¬ 

tic lymphoma or the blastoid variant of 

mantle cell lymphoma. 

The second category, HGBL, NOS, en¬ 

compasses cases that either have fea¬ 

tures intermediate between DLBCL and 

BL or appear blastoid, but by definition 

do not harbour a genetic double hit as 

defined above. This category excludes 

cases with the morphology of DLBCL, 

which should be diagnosed as such, 

even if they have a high proliferative 

fraction. 

Synonym 
B-cell lymphoma, unclassifiable, with 

features intermediate between diffuse 

large B-cell lymphoma and Burkitt lym¬ 

phoma (no longer recommended) 

High-grade B-cell lymphoma 
with MYC and BCL2 and/or 
BCL6 rearrangements 

Definition 
High-grade B-cell lymphoma (HGBL) 

with MYC and BCL2 and/or BCL6 
rearrangements is an aggressive mature 

B-cell lymphoma that harbours a MYC 
rearrangement at chromosome 8q24 and 

a rearrangement in BCL2 (at chromo¬ 

some 18q21) and/or in BCL6 (at chromo¬ 

some 3q27). These lymphomas are often 

called double-hit lymphomas, or triple-hit 

lymphomas if there are both BCL2 and 

BCL6 rearrangements in addition to the 

MYC rearrangement. The term *double- 

hit-f as defined for this category refers 

only to the co-occurrence of MYC and 

BCL2 and/or BCL6 translocations. Lym¬ 

phomas with two oncogenic transloca¬ 

tions other than MYC (e.g. concomitant 

BCL2 and BCL6 translocations without 

a MYC breakpoint) or other gene trans¬ 

locations associated with MTC transloca¬ 

tions (e.g. CCND1 translocations) are not 

included in this category. 
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Fig. 13.164 Double-hit high-grade B-cell lymphoma with MYC and BCL2 rearrangements. A At low magnification, I 

many cases show a prominent starry-sky appearance. B In the same case, at higher magnification, note the f 
intermediate size of the tumour cells, with slightly irregular contours and relatively large nucleoli, which are all : 

features somewhat atypical for a Burkitt lymphoma. C BCL2 staining of the same case. In most cases with a BCL2 . 

breakpoint, BCL2 expression is very high, which is in contrast to cases with a BCL6 breakpoint. ' 

Except for proven follicular lymphoma 

and rare cases of B-lymphoblastic leu¬ 

kaemia/lymphoma, NOS, all other lym¬ 

phomas and leukaemias with these 

molecular features should be included 

in this category. The category therefore 

includes (1) double-hit cases previously 

classified as B-cell lymphoma, unclassifi- 

able, with features intermediate between 

diffuse large B-cell lymphoma (DLBCL) 

and Burkitt lymphoma (BL); (2) blastoid 

cases with a double hit; and (3) cases 

with a DLBCL, NOS, morphology that 

upon evaluation have rearrangements of 

MYC and BCL2 and/or BCL6. Grade 3B 

follicular lymphomas with a double hit 

that are completely follicular should still 

be diagnosed as follicular lymphoma, 

with a comment indicating the cytoge¬ 

netic findings; however, if there is an as¬ 

sociated DLBCL with a double hit, the 

diagnosis of a follicular lymphoma and 

HGBL with MYC and BCL2 and/or BCL6 
rearrangements should be rendered. 

Given the possibility of prognostic impli¬ 

cations, the morphological appearance 

of the HGBL with MYC and BCL2 and/or 

6CL6 rearrangements should be noted in 

a diagnostic comment. 

Rare cases of B-lymphoblastic leukae¬ 

mia/lymphoma with MYC and BCL2 
translocations, sometimes transformed 

from an antecedent or synchronous fol¬ 

licular lymphoma, are not included in this 

category, and should be classified as B- 

lymphoblastic leukaemia/lymphoma with 

the translocations specified in a com¬ 

ment. Patients with such cases are usual¬ 

ly treated like patients with lymphoblastic 

leukaemia {896,1349,2061,2121,4446}. 

Rearrangements of MYC, BCL2, and 

BCL6 should be detected by a cytoge¬ 

netic/molecular method such as FISH. 

The presence of only copy-number in¬ 

crease/amplification or somatic muta¬ 

tions, without an underlying rearrange¬ 

ment, is insufficient to qualify a case for 

this category. There are indications that 

such cases are also aggressive, similar 

to the double-hit lymphomas, but there 

are insufficient data to justify the inclu¬ 

sion of such cases in this category. 

Although so-called double-expresser 

DLBCLs that show immunohistochemi- 

cal overexpression of MYC and BCL2 

protein also have a relatively poor prog¬ 

nosis, overexpression cannot be used 

as a surrogate marker for double-hit 

cytogenetic status. Most double-hit lym¬ 

phomas are also double-expressers, but 

most double-expressers are not double¬ 

hit lymphomas; the majority are the ac¬ 

tivated B-cell subtype of DLBCL, and 

do not harbour translocations {3846}. 

Specifically, it is important to distinguish 

DLBCL with MYC and BCL2 co-expres¬ 

sion, which is not a diagnostic catego¬ 

ry, from high grade B-cell lymphomas 

with MYC and BCL2 and/or BCL6 re¬ 

arrangements that also often show this 

double-expression 

This classification is primarily applica¬ 

ble to de novo cases; lymphomas with 

a proven history of a pre-existing or co¬ 

existent indolent lymphoma (of follicular 

or other type) should be diagnosed as 

such (e.g. HGBL with MYC and BCL2 
rearrangements, transformed from folli¬ 

cular lymphoma). 

ICD-0 code 9680/3 

Synonyms 
(Subset of) B-cell lymphoma, unclassifi- 

able, with features intermediate between 

diffuse large B-ceil lymphoma and Bur¬ 

kitt lymphoma (no longer recommend¬ 

ed); (subset of) diffuse large B-cell lym¬ 

phoma; double or triple-hit lymphoma 

Epidemiology 
These lymphomas mostly present in j 

elderly patients, with a median age at di- ; 

agnosis in the sixth to seventh decade; 

with the youngest reported patients aged , 

approximately 30 years. Both men and f 

women are affected, with a slight male : 

predominance {194,2350,3143,3183, j 

3846}. In one study of triple-hit lympho- j 

mas (i.e. with involvement of MYC, BCL2, \ 
and BCL6), all patients were men {4254}. i 

! 

Etiology 
By definition, these mature B-cell lym- i 

phomas harbour two or more recur- ’ 

rent cytogenetic events, and in almost 

all cases, classic cytogenetic analysis 

also shows many additional abnormali¬ 

ties (complex karyotype). It is likely that 

the rearrangement of MYC is a second¬ 

ary event, but this has only been proven 

for the combination of BCL2 and MYC 
rearrangements in patients who first had 

a follicular lymphoma and later devel¬ 

oped a MYC rearrangement, and in pa¬ 

tients with de novo disease in which two 

subclones with and without the MYC rear¬ 

rangement are present. Although it might 

be envisaged that all lymphomas with 
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Fig. 13.165 Triple-hit high-grade B-cell lymphoma with MYC, BCL2, and BCL6 rearrangements. This case shows the 

morphology of a diffuse large B-cell lymphoma, NOS, with large tumour cells with abundant cytoplasm, large nuclei, 

and prominent nucleoli. 

Fig. 13.166 Double-hit high-grade B-cell lymphoma with MYC and BCL6 rearrangements. This case shows monomor- 

phic tumour cells with indistinct cell borders, relatively large nuclei (somewhat larger than those of macrophages) and 

prominent, often single nucleoli. 

both MYCaud 6C/-2 rearrangements are 

the result of transformation from an ante¬ 

cedent indolent lymphoma, this is found 

in only half of the cases. 

Localization 
More than half of all patients present with 

widespread disease, including involve¬ 

ment of the lymph nodes. There can also 

be involvement of more than one extra- 

nodal site (occurring in 30-88% of cas¬ 

es), the bone marrow (in 59-94%), and 

even the CNS (in as many as 45%) {2350, 

3158,3523}. 

Clinical features 
Most patients (70-100%) present with 

advanced disease (stage IV according 

to the Ann Arbor classification), more 

than one extranodal localization, a high 

International Prognostic Index (IPi), and 

elevated lactate dehydrogenase levels 

{2350,3158,3523,3846}. Extranodal lo¬ 

calizations include the bone marrow and 

CNS. Double-hit HGBLs are particu¬ 

larly enriched in patients diagnosed with 

DLBCL who do not respond well to induc¬ 

tion therapy with the CHOP chemothera¬ 

py regimen plus rituximab (R-CHOP) or 

who have early relapses after complete 

remission {843}. 

Microscopy 
Double-hit HGBLs have variable morphol¬ 

ogy. The specific morphological appear¬ 

ance should be stated in a diagnostic 

comment. Although the incidence differs 

between studies, most authors conclude 

that approximately half of the cases have 

the morphology of a DLBCL, NOS {193, 

194,1820,1865,2304,3158,3523,3712}. 

This is due to the fact that DLBCL is by 

far the most frequent lymphoma subtype, 

and approximately 4-8% of all DLBCLs 

are double-hit lymphomas. In a recent 

study, 69% of the MYC and 6CL2 double¬ 

hit lymphomas and 85% of the MYC and 

BCL6 double-hit lymphomas had DLBCL 

morphology {2304}. The differences be¬ 

tween individual studies may be due to re¬ 

ferral bias, inclusion bias, and the variable 

morphological criteria {2720A,3712). The 

growth pattern is completely diffuse, of¬ 

ten with relatively few small lymphocytes. 

Some fibrosis may be present. Starry-sky 

macrophages may be present, sometimes 

only focally. The numbers of mitotic figures 

and apoptotic figures are highly variable, 

with some cases having a low number of 

mitotic figures and also a low Ki-67 pro¬ 

liferation index (see below). Therefore, a 

low proliferation rate does not exclude this 

type of lymphoma. The nuclei have a vari¬ 

able size and contour, with some cases 

showing nuclei that are 3-4 times the size 

of normal lymphocytes (much larger than 

BL cells). The cytoplasm is usually more 

abundant and less basophilic than in BL. 

Fig. 13.167 Double-hit high-grade B-cell lymphoma 

with MYC and BCL6 rearrangements. The intensity of 

BCL2 staining is variable in such cases, and can be 

negative. 

Because these lymphomas can be indis¬ 

tinguishable from other DLBCL, a double¬ 

hit status should be investigated in all 

DLBCLs, NOS, using cytogenetic or mo¬ 

lecular cytogenetic studies. Some pathol¬ 

ogists may prefer to look for evidence of 

a double-hit only after immunohistochemi- 

cal or other pre-selection (see below). 

Fig. 13.168 Double-hit high-grade B-cell lymphoma 

with MYC and BCL2 rearrangements. The Ki-67 prolif¬ 

eration index is -90%. 
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Fig. 13.169 Double-hit high-grade B-celi lymphoma 

with MYC and 6C/.2 rearrangements, blastoid morphol¬ 
ogy. As is typical in blastoid cases, this patient had a 

history of follicular lymphoma. The lymphoma cells are 
monotonous and mimic lymphoblasts, with overlapping 

nuclei, finely dispersed chromatin, and inconspicuous 

nucleoli. However, in this case they are mature B cells 
with expression of CD20, CD10, and BCL2 but nega¬ 

tive for BCL6, TdT was negative. The Ki-67 proliferation 

index was 70%. 

Another subset (also accounting for -50% 

of cases) shows a morphology that mim¬ 

ics that of BL, or has features intermediate 

between DLBCL and BL (193,194,3143, 

3712,3846). Approximately 50% of cases 

with this morphologic appearance have 

a double-hit status. They show a diffuse 

proliferation of medium-sized to large cells 

with very few admixed small lymphocytes 

and no stromal reaction or fibrosis. Starry- 

sky macrophages are generally present, 

along with many mitotic figures and prom¬ 

inent apoptosis. The cellular morphology 

varies. Some cases are relatively mono- 

morphic, very closely resembling BL. 

Others exhibit more variation in nuclear 

size and nucleolar features than is gene¬ 

rally seen in BL. The cytoplasm is usually 

less basophilic than in BL, a feature best 

appreciated on Giemsa-stained imprints. 

In most cases, cytoplasmic vacuoles are 

absent. In cases that closely mimic BL, 

the diagnosis of BL can be excluded on 

the basis of an aberrant clinical presenta¬ 

tion, immunophenotype (typically strong 

BCL2 expression), and molecular genetic 

findings (see below). 
Other cases may have a blastoid cyto- 

morphology, with medium-sized cells of¬ 

ten resembling small centroblasts. Nucle¬ 

oli are inconspicuous. The chromatin has 

a finely granular texfure. The cells have a 

small rim of cytoplasm. Thus, they closely 

mimic true lymphoblasts, and staining for 

TdT should be performed in all cases 

(1914,4097). Because the blastoid variant 

of mantle cell lymphoma shares many of 

these features, cyclin D1 staining should 

also be performed. These tumour cells 

are CD10+ and BCL6-t- mature B cells. 

In many of these cases, an antecedent or 

synchronous follicular lymphoma is pres¬ 

ent; such cases should be diagnosed as 

double-hit HGBL transformed from a fol¬ 

licular lymphoma. 

Lymphomas with a similar blastoid or 

lymphoblastic morphology but a pheno¬ 
type of precursor B cells with expression 

of nuclear TdT should not be included in 
this category. 

Immunophenotype 
These lymphomas are mature B-cell lym¬ 

phomas with expression of CD19, CD20, 

CD79a, and PAX5 and lack of TdT. Some 

double-hit HGBL cases lack surface im¬ 

munoglobulin expression as detected 

by flow cytometry, which may be related 

to the involvement of multiple IG loci 

Fig. 13.170 Double-hit high-grade B-cell lymphoma 

with MYC and BCL2 rearrangements. MYC staining 
(Y69 antibody). Patient with prior follicular lymphoma 

and progression to double-hit lymphoma with blastoid 
morphology (MYC and BCL2 breakpoints, no IGH/MYC 

colocaiization; IGK and iGL not tested). 

by translocations (2101). This absence 

should not be interpreted as proof of a 

precursor B-celi phenotype. 

CD10 and BCL6 expression is found in 

most of these lymphomas (75-90%), and 

IRF4/MUM1 is expressed in approximate¬ 

ly 20% of the cases (193,3846). Almost 

all cases with a BCL2{^8q2^) breakpoint 

have strong cytoplasmic BCL2 positivity, 

in contrast to the absent or weak expres¬ 

sion of BCL2 in BLs. 

It has been suggested that immunostain- 

ing for CD10, BCL6, IRF4/MUM1, and 

BCL2 or gene expression analysis of 

paraffin-embedded materials could be 

used to select cases of DLBCL to be 

tested by MYC FISH (3117,3601,3846). 

However, the less-frequent double-hit 

lymphomas with MYC (8q24) and BCL6 
(3q27) rearrangements without a con¬ 

comitant BCL2 {18q2^) breakpoint varia¬ 

bly express BCL2 and GDI 0 and express 

IRF4/MUM1 more commonly than do the 

other double-hit lymphomas (2304,3183, 

Fig. 13.171 Triple-hit high-grade B-cell lymphoma, with MYC, BCL2, and BCL6 rearrangements. A Note the low and heterogeneous Ki-67 proliferation index of -40%. This case 

illustrates that Ki-67 staining cannot be used for selecting diffuse large B-cell lymphoma cases for FISH analysis. B in the same case, homogeneous and strong p53 staining is 
highly suggestive of a TP53 mutation. 
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Fig. 13.172 Double-hit (DH) high-grade B-cell lymphoma with MYC and BCL2 rearrangements and subsequent lymphoblastic lymphoma in a patient with a prior follicular 

lymphoma. A 66-year-old man presented with grade 2 follicular lymphoma (FL2) in 2005 and a histologically documented relapse in 2006, In 2009, he presented with an abdominal 

mass and extensive bone marrow involvement. The 2005 biopsies showed a classic phenotype: CD20-r, CD10+, BCL6+, and BCL2+. The bone marrow biopsy in 2009 (2009A) 

showed a diffuse infiltration of blastoid cells. Immunohistochemistry revealed a persistent mature phenotype, with expression of CD20 and BCL6 and absence of TdT. The Ki-67 

proliferation index was -60%, Flow cytometry confirmed this phenotype and showed expression of surface IgG without detectable light chains. The simultaneously obtained 

needle biopsy of the para-iliac abdominal mass (2009B) showed a blastoid/lymphoblastic morphology, with loss of both CD20 and BCL6 expression, strong CD10 and BCL2 

expression, a Ki-67 proliferation index of -90%, and expression of TdT in -30% of the cells. By FISH analysis, rearrangements of both MYC and BCL2 were identified, the MYC 

rearrangement without colocalization of the IGH locus (IGK and IGL were not tested). 

t 4077) and therefore could be missed by 

i such a selection procedure. 

' Ki-67 immunohistochemistry shows 

' variable results. In cases that mimic BL, 

I the Ki-67 proliferation index is 80-95%. 

However, in cases with DLBCL morphol- 

! ogy, the index may be deceptively low 

(<30%). Therefore, fhe Ki-67 proliferation 

index cannot be used to select cases for 

MYC FISH 12564,4113). 

Similarly, MYC protein expression cannot 

be used to select cases for FISH either. 

Although there is consensus that high ex¬ 

pression (in >80% of nuclei) is present in 

most cases of BL with an IG/MYC trans¬ 

location, there is much more variability in 

the double-hit lymphomas; most authors 

have concluded that MYC staining is not 

reliable enough to be used for the selec- 

I tion of cases that should have cytogenet- 

! ic or molecular/cytogenetic testing (722, 

1439^440,1866,3143,4085), Neverthe¬ 

less, some authors suggest performing 

FISH studies only in cases with >30% or 

>40% MYC-positive tumour cells. 

Postulated normal counterpart 
The limited gene expression data avail¬ 

able and the applied immunohistochemi- 

cal algorithms suggest that almost all 

cases with MYC and BCL2 rearrange¬ 

ments originate from mature germinal 

centre B cells, whereas the cell of origin 

for cases with MYC and BCL6 rearrange¬ 
ments is more variable (802,3601). 

Genetic profile 
By definition, these lymphomas have a 

MYC (8q24) rearrangement as detected 

by classic cytogenetics, FISH, or other 

molecular genetic tests. In approximately 

65% of cases, MYC is juxtaposed to one 

of the IG genes (usually IGH, less fre¬ 

quently IGK or IGL); in the other cases, 

MYC has a non-IG partner, such as at 

9p13 (gene unknown), 3q27 {BCL6), 
or other loci (193,3118). Some reports 

suggest that an IG//WYC translocation 

confers a poor outcome compared with 

cases in which MYC has a non-IG part¬ 

ner (193,802,1865,3118), but the clinical 

impact of the individual non-IG partners 

is not fully established. Identification of 

an IGK-ZWV'C or IGL fusion requires the 

use of dual fusion probes, because the 

identification of MYC and IGK or IGL 

rearrangements using only break-apart 

probes does not exclude the possibility 

of two separate unrelated translocations 

(802), 
In addition to MYC rearrangement, all 

cases contain a BCL2 rearrangement at 

18q21 and/or a BCL6 rearrangement at 
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Fig. 13.173 Double-hit high-grade B-cell lymphoma. This case of morphologically diffuse large B-cell lymphoma 

had MYC and BCL6 rearrangements as well as gain/amplification of BCL2 at 18q21. A BCL2 FISH. The local 
concentration of dual signals in the nuclei suggests amplification rather than gain by aneusomy. Note that isolated 

single-coloured signals are absent, indicating the absence of a rearrangement. B BCL6 FISH. The same case shows 

BCL6 in a break-apart assay, with two normal copies (with colocalization) and one separate green signal, strongly 

suggesting a rearrangement/breakpoint (see two cells in the upper left; in other cells, only isolated green signals are 
seen). This suggests loss of the teiomeric part of chromosome 3q, with a break 5' of BCL6, likely within the alternative 

breakpoint region of the gene. 

3q27. Other infrequent recurrent combi¬ 

nations with MYC rearrangement, such 

as rearrangement of BCL3 at 19q13 

and of an unknown gene at 9p13, are 

also recognized, but there have been no 

systematic studies of these lymphomas; 

therefore, such cases should not be in¬ 

cluded in this category {194}. Cases with 

a combination of MYC and CCND1 (at 

11q13) breakpoints constitute aggressive 

mantle cell lymphoma with the acquisi¬ 

tion of a secondary MYC breakpoint and 

should not be included in this category 

either {734,933,1069,3628}. 

Lymphomas can show a combination 

of a chromosomal rearrangement of 

one gene and copy-number increase or 

amplification of other genes, for exam¬ 

ple, a MYC (8q24) rearrangement with 

gain or amplification of BCL2 {^8q2^) or 

vice versa. In the current classification, 

such a combination is not sufficient to 

classify a case as a double-hit HGBL. 

Notably, the definitions of amplifica¬ 

tion and copy-number increase differ 

across publications, and in some clini¬ 

cally oriented papers, these phenomena 

are lumped with rearrangements {2307, 

2344}. High-level amplification at 8q24 

may occur together with a rearrange¬ 

ment {2527}, and in combination with a 

SC/-^ rearrangement, it likely has a simi¬ 

lar clinical impact as the classic double¬ 

hit configuration {4113}. In contrast, the 

biological and clinical impact of a small 

increase in copy number (mostly caused 

by aneusomy) in DLBCL is controver¬ 

sial {2307,2404,4113}. Therefore, until 

more data are available, cases with only 

gains or amplification without a proven 

rearrangement should not be included in 

this category, but rather in the category 

of DLBCL or HGBL, NOS. 

Double-hit HGBLs often have complex 

karyotypes, with many other structural 

and numerical abnormalities {193}. Se¬ 

quencing studies reveal frequent TP53 
mutations (especially frequent in the MYC 
and BCL2 double-hit cases {1314}) and 

few MYD88 mutations {1315}. Whereas 

TCF3 mutations and in particular ho¬ 

mozygous mutations or deletion of its 

inhibitor, ID3, are frequent in BL, hemizy- 

gous mutations of ID3 may be present in 

double-hit HGBL as well {193,1313,2401, 

2693,3573}. 

Prognosis and predictive factors 
With R-CHOP or comparable therapies, 

the complete response rate is relatively 

low, and overall survival is short, with me¬ 

dian survivals of 4.5-18.5 months {269, 

1055,1865,2237,2304,2306,3712,4019, 

4020}. Clinical trials are under way to 

test other polychemotherapy modalities 

and new drugs that may improve the out¬ 

come of these patients {778,1055,1709}. 

Several clinical and biological factors, in¬ 

cluding the tumour morphology, the MYC 
partner, and extent of the disease, may 

influence survival and warrant further 

studies {541}. A small subset of patients 

with no risk factors may have a favour¬ 

able outcome {1865,3158}. 

High-grade B-cell lymphoma. 
NOS 

Definition 
High-grade B-cell lymphoma (HGBL), 

NOS, is a heterogeneous category of 

clinically aggressive mature B-cell lym¬ 

phomas that lack MYC plus BCL2 and/ 

or BCL6 rearrangements and do not fall 

into the category of diffuse large B-cell 

lymphoma (DLBCL), NOS, or Burkitt 

lymphoma (BL). However, they do share 

some morphological, immunopheno- 

typic, and genetic features with these 

lymphomas. These cases are rare; the 

diagnosis should be made sparingly, and 

only when the pathologist is truly unable 

to confidently classify a case as DLBCL 

or BL. 

In the 2008 edition of the WHO clas¬ 

sification, these cases were included in 

the category of B-cell lymphoma, un- 

classifiable, with features intermediate 

between DLBCL and BL {3848}, which 

also included cases now classified as 

HGBL with MYC and BCL2 and/or BCL6 
rearrangements. Because the double¬ 

hit and triple-hit HGBLs have now been 

classified as a distinct category of their 

own, the category of HGBL, NOS, repre¬ 

sents the remaining cases of the previous 

classification system. This category also 

includes cases of blastoid-appearing 

mature B-cell lymphomas (not of mantle 

cell type), which in the past might have 

Fig. 13.174 High-grade B-cell lymphoma, NOS, with 

blastoid morphology. There was no antecedent or 
synchronous follicular lymphoma. The tumour cells 

have relatively small nuclei with a slightly irregular 

contour, containing small nucleoli and fine but not very 

dense chromatin. The tumour cells expressed CD20, 

BCL6, and BCL2 but were negative for CDS, cyclin D1, 

TdT, CD10, and IRF4/MUM1). The Ki-67 proliferation 

index was >70%. FISH analysis revealed an IGH/MYC 

fusion without BCL2 or BCL6 rearrangement. 
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Fig. 13.175 High-grade B-cell lymphoma, NOS, with some features of Burkitt lymphoma. A The tumour cells show a squared-off cytoplasm, but no distinct starry-sky pattern. 

Immunohistochemistry showed expression of CD20, CD10, BCL6, and BCL2. The Ki-67 proliferation index showed a heterogeneous staining of-50%. Strong and homogeneous 

p53 staining suggested TP53 mutation. FISH analysis revealed a BCL2 rearrangement but no rearrangements of MYC or BCL6. B Same case at higher magnification. Despite 

the impression at low magnification, the cytological appearance is blastoid: the nuclei show a finely granular chromatin pattern and absence of nucleoli. 

been included among the DLBCLs. 

Cases of otherwise typical DLBCL, NOS, 

harbouring an isolated /W VC translocation 

should still be classified as DLBCL, NOS. 

Some paediatric lymphomas also share 

features of both DLBCL and BL, and 

more than half of such cases harbour a 

MYC rearrangement in combination with 

a relatively simple karyotype. They often 

have a molecular Burkitt or intermediate 

gene expression profiie and show an ex¬ 

cellent prognosis. It is therefore recom¬ 

mended that these cases be classified 

as BL or DLBCL, and not as HGBL, NOS 

(2038}. 

ICD-0 code 9680/3 

Epidemiology 
Few epidemiological data are available 

for this category, because in most re¬ 

ports these lymphomas and the double¬ 

hit HGBLs with a similar morphology are 

described together. In general, elderly 

patients are affected, with incidence in¬ 

creasing with age. Men and women are 

affected almost equally. 

Microscopy 
Most cases have a morphology that mim¬ 

ics that of BL more closely than that of 

DLBCL. They show a diffuse proliferation 

of medium-sized to large cells with very 

few admixed small lymphocytes and no 

stromal reaction or fibrosis. Starry-sky 

macrophages may be present, along 

with many mitotic figures and prominent 

apoptosis. The cellular morphology var¬ 

ies. Some cases are relatively monomor- 

phic, resembling BL; others exhibit more 

variation in nuclear size and nucleolar 

features than is generally seen In BL. 

The cytoplasm Is usually less basophilic 

than in BL, a feature best appreciated on 

Giemsa-stained sections or imprints. In 

most cases, cytoplasmic vacuoles are 

absent. In cases that closely mimic BL, 

the diagnosis of BL can be excluded on 

the basis of an aberrant clinical presenta¬ 

tion, immunophenotype, and/or molecu¬ 

lar genetic findings (see below). 

Rare mature (CD20-(- and TdT-) B-cell 

lymphomas with a blastoid appearance 

that do not constitute a blastoid variant 

of mantle cell lymphoma and that lack a 

double hit {MYC rearrangement in combi¬ 

nation with SCL2 and/or BCL6 rearrange¬ 

ment) are also included in this category. 

Immunophenotype 
The immunophenotype is not well de¬ 

scribed, due to the heterogeneous na¬ 

ture of these lymphomas and the fact 

that most cases were previously included 

in reports that also included cases with 

double or triple translocations, or were 

classified as DLBCL. All cases are CD20- 

positive, mature B-cell lymphomas. Most 

show expression of BCL6, but CD10 ex¬ 

pression is variable. In most cases, ex¬ 

pression of IRF4/MUM1 is absent. Ki-67 

positivity is also variable. MYC expres¬ 

sion is variable, partially dependent on 

the presence of a MYC rearrangement. 

Genetic profile 
Molecular/cytogenetic data have been 

systematically analysed in few studies. By 

definition, the presence of a BCL2 and/ 

or a BCL6 rearrangement in combination 

with a MYC rearrangement should be ex¬ 

cluded. Approximately 20-35% of cases 

have a MYC rearrangement, with or with¬ 

out increased copy numbers or, rarely, 

amplification of 18q21 involving BCL2. 
Cases with a BCL2 rearrangement and 

increased copy number or high-level am¬ 

plification of MYC have also been iden¬ 

tified {2307,2344,3143}. Among the so- 

called blastoid cases, 40% of 24 cases 

studied lacked rearrangements in both 

MYC and BCL2 (1914,4097); in another 

study, none of the 8 cases studied con¬ 

tained such rearrangements {725}. 

Prognosis and predictive factors 
Patients with HGBL, NOS, have a poor 

outcome, although it may be slightly bet¬ 

ter than that of patients with double-hit 

HGBL (794,2344,3143}. A relatively poor 

outcome in HGBL, NOS, with amplifica¬ 

tion of MYC, with or without rearrange¬ 

ment of BCL2 (or vice versa) has been 

reported. However, in most studies, this 

aspect was analysed mainly or exclusive¬ 

ly in patients with DLBCL (2307,2344, 

2404,3143,4113}. In general, clinical cor¬ 

relates from studies on HGBL, NOS, are 

hampered by their retrospective nature, 

by the lumping together of these cases 

with other lymphoma types, and by small 

cohort sizes. 
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B-cell lymphoma, unclassifiable, 
with features intermediate between 
diffuse large B-cell lymphoma and 
classic Hodgkin lymphoma 

Jaffe E.S. 

Stein H. 

Swerdlow S.H. 

Campo E. 

Pileri S.A, 

Harris N.L, 

Definition 
B-cell lymphoma, unclassifiable, with 

features intermediate between diffuse 

large B-cell lymphoma (DLBCL) and 

classic Hodgkin lymphoma (CHL) is a 

B-cell-lineage lymphoma that demon¬ 

strates overlapping clinical, morphologi¬ 

cal, and/or immunophenotypic features 

between CHL and DLBCL, especially 

primary mediastinal (thymic) large B-cell 

lymphoma (PMBL). These lymphomas 

are most commonly assooiated with me¬ 

diastinal disease, but similar cases have 

been reported in peripheral lymph node 

groups as the primary site. Mediastinal 

cases are often referred to as medias¬ 

tinal grey-zone lymphoma (MGZL) and 

non-mediastinal oases as grey-zone lym¬ 

phoma (GZL), avoiding the cumbersome 

nomenclature of the official diagnosis. 

ICD-0 code 9596/3 

Synonyms 
Mediastinal grey-zone lymphoma; Hodg- 

kin-like anaplastic large ceil lymphoma 
(obsolete) 

Epidemiology 
MGZL is most common in young men, 

usually presenting in patients aged 

20-40 years (1297,4047). It has been re¬ 

ported rarely in children (2995). Medias¬ 

tinal presentations are infrequent among 

elderly patients (1077,1121). Most cases 

have been reported from western coun¬ 

tries. Like CHL, these tumours are less 

common in Black and Asian populations. 

Etiology 
The etiology is unknown, but gene ex¬ 

pression profiling studies and genetic 

studies have revealed close links to 

PMBL and CHL (1059). 

Localization 
The most common presentation is with 

a large anterior mediastinal mass, with 

or without involvement of supraclavicu¬ 

lar lymph nodes (1297,4047). Peripheral 

and intra-abdominal lymph nodes are 

less commonly involved. There may be 

spread to lung by direct extension, as 

well as spread to liver, spleen, and bone 

marrow. Non-lymphoid organs are rarely 

involved, unlike in PMBL. 

Clinical features 
Most patients have bulky mediastinal 

masses, sometimes leading to supe¬ 

rior vena cava syndrome or respiratory 

distress. Supraclavicular lymph nodes 

may be involved. Non-mediastinal GZL 

more often presents in older patients. 

and shows less of a male predominance 

(1077,1121). Cases of composite CHL 

and PMBL and cases of sequential de¬ 

velopment of CHL and PMBL in the same 

patient are not strictly accepted as ex¬ 

amples of MGZL, but are thought to be 

biologically related phenomena (1402, 

3140). When seen sequentially, CHL is 

more often the initial presentation, fol¬ 

lowed by PMBL (4463). 

Microscopy 
A characteristic feature is the broad 

spectrum of cytological appearances 

within a given tumour; some areas more 

closely resemble CHL and others resem¬ 

ble PMBL. There is also variation across 

different cases, with some examples be¬ 

ing more Hodgkin-like and others more 

closely resembling either PMBL or dif¬ 

fuse large cell lymphoma. As discussed 

below (see Immunophenotype), discord¬ 

ance between the cytological appear¬ 

ance and the immunophenotype is com¬ 

mon. Tumour cell density is high, often 

with sheet-like growth of pleomorphic 

tumour cells in a diffusely fibrotic stroma 

(1297,4047). Eocal fibrous bands may be 

seen in some cases. The cells are larger 

and more pleomorphic than is typical in 

PMBL, although some centroblast-like 

cells may be present. There is usually a 

Fig. 13.176 Mediastinal grey-zone lymphoma, thymus gland. A Large cohesive aggregates of atypical cells, some of which resembled lacunar cells. However, CD20 was strongly 
and uniformly positive. B The neoplastic cells are strongly and uniformly positive for CD20. 
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I Fig. 13.177 B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and CHL. Mediastinal mass. A The lymphoma is composed of sheets of cells with clear 

, cytoplasm and fine scierosis. The appearance resembles that of primary mediastinai large B-cell lymphoma. However, CD20 and CD79a are both negative. B The tumour cells 

' are strongly CD15-positive and also CD30-positive (not shown). 

sparse inflammatory infiltrate, although 

' eosinophils, lymphocytes, and histio¬ 

cytes may be present focally. Necrosis 

i is frequent, but unlike in CHL, the ne- 

: erotic areas do not contain neutrophilic 

infiltrates. Due to the variations in histo¬ 

logical pattern in different portions of the 

tumour, diagnosing these lymphomas on 

a core needle biopsy is challenging and 

not recommended. 

Immunophenotype 
The lymphoma cells exhibit an aberrant 

immunophenotype, making the distinc¬ 

tion between CHL and PMBL difficult 

{1297,4047). Neoplastic cells typically ex¬ 

press CD45. Cases in which the cytologi- 

cal appearance might suggest CHL show 

preservation of the B-cell programme, 

with strong and uniform positivity for 

CD20 and CD79a. CD30 is usually posi¬ 

tive, and CD15 may be expressed. Cases 

in which the histological appearance on 

H&E staining might suggest PMBL show 

loss of B-cell antigens but positivity for 

CD30 and CD15. Surface or cytoplasmic 

immunoglobulin is absent. The transcrip¬ 

tion factors PAX5, OCT2, and BOB1 are 

usually expressed. BCL6 is variably posi¬ 

tive but CD10 is generally negative. ALK 

is consistently negative. The background 

lymphocytes are predominantly positive 

for CD3 and CD4, as seen in CHL. 

Weak or variable positivity for CD20 in a 

tumour otherwise compatible with a di¬ 

agnosis of nodular sclerosis CHL should 

not lead to a diagnosis of B-cell lympho¬ 

ma, unclassifiable, with features interme¬ 

diate between DLBCL and CHL. Particu¬ 

larly with antigen-retrieval techniques, 

nodular sclerosis CHL may be positive 

for CD20, usually with variable intensity. 

Additionally, CD30 may be expressed in 

a subset of DLBCLs, and should not lead 

to a diagnosis of MGZL by itself. Nota¬ 

bly, PMBL is frequently positive for CD30 

{1633). 

MAL, a marker associated with PMBL, is 

expressed in at least a subset of the cas¬ 

es presenting with mediastinal disease 

{805,4047). Supporting a relationship to 

PMBL, nuclear c-REL/p65 protein has 

been identified in the cases tested {1300, 

3384). IRF4/MUM1 is usually positive, 

but is not useful in differential diagnosis, 

because it is positive in most cases of 

CHL and PMBL. In one series, p53 was 

expressed in most cases {1300). Expres¬ 

sion of cyclin E and p63 in most cases 

has also been reported {1077). Most cas¬ 

es of MGZL are negative for EBV; positiv¬ 

ity for EBV-encoded small RNA (EBER) 

or LMP1 should prompt suspicion for 

EBV-positive DLBCL, especially in elder¬ 

ly patients. However, rare cases of MGZL 

have been EBV-positive {2867). 

In instances of composite or metachro¬ 

nous lymphomas, the various compo¬ 

nents exhibit a phenotype characteristic 

of that entity, either CHL or PMBL. 

Fig. 13.178 B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and CHL. There is a sheet¬ 

like growth of pleomorphic lymphoid cells. Some binucleated cells are present, but there is marked variation in cell 

size and shape. The biopsy was taken from a 28-year-old man with a mediastinal mass and supraclavicular lymph 

node involvement. 
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Fig. 13.179 B-cell lymphoma, unciassifiable, with features intermediate between DLBCL and classic HL. A Sheets : 

of tumour cells resembling lacunar cells are present, with a minimal inflammatory background, B In the same case, 

the tumour cells are strongly positive for CD20. C CD79a is uniformly positive. D CD15 is positive, but the sheet-like , 

growth and strong staining for CD20 and CD79a favour mediastinal grey-zone lymphoma. 

Fig. 13.180 B-cell lymphoma, unciassifiable, with features intermediate between DLBCL and CHL. Mediastinal 

mass. A Rearrangement of the PDL1IPDL2 locus is demonstrated by FISH using a break-apart probe with a 

split green signal suggesting the presence of an inversion within this region. B Amplification of the PDL1IPDL2 locus, 

which shows multiple fusion signals (69% with more than 6 signals, 20% with 3-4 signals, and 11% with <2 copies/ 
cell). In both panels PDL1IPDL2 are red/green and CEP 9 is aqua. Figure contributed by Pack S. 

Postulated normal counterpart 
The postulated cell of origin for cases 

arising in the mediastinum is a thymic 

B cell (4047); cases arising in the pe¬ 

ripheral lymph nodes are thought to arise 

from a non-thymic B cell. 

Genetic profile 
Clonal rearrangement of the IG genes is 

positive by PCR in most cases, presum¬ 

ably due to the high content of tumour 

cells in comparison with CHL. Many of 

the genetic aberrations identified by 

FISH are similar to those observed in 

PMBL (1077). Gains and amplification 

of the JAK2 and PDCD1LG2 (also called 

PDL2) loci at 9p24.1 are common, seen 

in >50% of cases. Increased expression 

of CD274 (PD-L1) may occur as a result. 

Also frequent are gains/amplification at 

2p16,1 involving PEL. Breaks in the CIITA 
locus at 16p13.13 have been reported in 

approximately one third of cases {1077}, 

Gains in MYC have been observed 

in 20-30% of cases. The aberrations 

above are seen in both mediastinal and 

non-mediastinal cases, although gains/ 

amplification at 9p24.1 are more com¬ 

mon in patients with mediastinal than 

non-mediastinal presentations, occurring 

in 61% and 38% of such cases, respec¬ 

tively {1077}. 

Prognosis and predictive factors 
MGZLs generally have a more aggres¬ 

sive clinical course and poorer outcome 

than do either CHLs or PMBLs {1060). 

Combined modality treatment appears to 

be required in most cases, and systemic 

multiagent chemotherapy followed by ra¬ 

diation to the mediastinal mass produces 

event-free survival in a majority of patients 

{4333}. Given the strong expression of 

CD20, the addition of rituximab appears 

to be of benefit. Regimens effective in the 

treatment of CHL, such as ABVD chemo¬ 

therapy (i.e. doxorubicin, bleomycin, vin¬ 

blastine, and dacarbazine), have been 

reported to be less effective than regi¬ 

mens used for treating DLBCLs {1121}. 

Like in CHL, a decrease in the absolute 

lymphocyte count has been associated 

with a worse outcome {4333}. In one 

study, a high content of DC-SIGN-posi- 

tive dendritic cells was associated with 

an adverse prognosis {4333}. This asso¬ 

ciation may be comparable to the asso¬ 

ciation between a high content of tumour- 

associated macrophages and adverse 

outcome in CHL {3778). 
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T-cell prolymphocytic leukaemia Matutes E. 

Catovsky D. 

Muller-Hermelink H.K. 

Definition 
T-cell prolymphocytic leukaemia (T-PLL) 

is an aggressive T-cell leukaemia charac¬ 

terized by the proliferation of small to me¬ 

dium-sized prolymphocytes with a mature 

post-thymic T-cell phenotype, involving 

the peripheral blood, bone marrow, lymph 

nodes, liver, spleen, and skin. 

ICD-0 code 9834/3 

Synonym 
Prolymphocytic leukaemia, T-cell type 

Epidemiology 
T-PLL is rare, accounting for approxi¬ 

mately 2% of cases of mature lymphocyt¬ 

ic leukaemias in adults aged >30 years 

{2575}; the median patient age is 65 years 

(range: 30-94 years). It is very infrequent 

among individuals aged <30 years. 

Localization 
Leukaemic T cells are found in the pe¬ 

ripheral blood, bone marrow, lymph 

nodes, spleen, liver, and sometimes skin. 

Clinical features 
Most patients present with hepatosple- 

nomegaly and generalized lymphade- 

nopathy. Skin infiltration is seen in 20% of 

cases, and serous effusions in a minority 

{2575). Anaemia and thrombocytopenia 

are common, and the lymphocyte count 

is usually > 100 x 10®/L. Serum immuno¬ 

globulins are normal. Serology for HTLV- 

1 is negative. 

Microscopy 
Peripheral blood and bone marrow 
The diagnosis is made on peripheral 

blood films, which show a predominance 

of small to medium-sized lymphoid cells 

with non-granular basophilic cytoplasm; 

round, oval, or markedly irregular nuclei, 

and visible nucleoli. In 25% of cases, the 

cell size is small and the nucleolus may 

not be visible by light microscopy (small¬ 

cell variant) {2577}. In 5% of cases, the 

nuclear outline is very irregular and can 

even be cerebriform (cerebriform variant) 

{3115}. Irrespective of the nuclear fea¬ 

tures, a common morphological feature 

is cytoplasmic protrusions or blebs. The 

bone marrow is diffusely infiltrated, but 

the diagnosis is difficult to make on the 

basis of bone marrow histology alone. 

Other tissues 
Cutaneous involvement consists of 

perivascular and periadnexal or more 

diffuse dermal infiltrates, without epider- 

motropism {2472,2575}. The spleen con¬ 

tains a dense red pulp infiltrate, which 

invades the spleen capsule, blood ves¬ 

sels, and atrophic white pulp {3004}. In 

lymph nodes, the involvement is diffuse 

and tends to predominate in the para- 

Fig. 14.01 T-cell prolymphocytic leukaemia, small¬ 

cell variant. Small lymphocytes showing a regular or 
irregular nuclear outline and cytoplasmic blebs. 

cortical areas, sometimes with sparing 

of follicles. Prominent high endothelial 

venules may be numerous and are often 

infiltrated by neoplastic cells. 

Cytochemistry 
T-cell prolymphocytes stain strongly with 

alpha-naphthyl acetate esterase and 

acid phosphatase, with a dot-like pattern 

{2576}. However, cytochemistry is rarely 

used for routine diagnosis. 

Immunophenotype 
T-cell prolymphocytes are peripheral 

T cells that are negative for TdT and 

CDIa, and positive for CD2, CDS, CD3, 

and CD7; the membrane expression of 

CD3 may be weak. CD52 is usually ex¬ 

pressed at high density, and can be used 

as a target of therapy {916}. 

Fig, 14.02 T-cell prolymphocytic leukaemia. A Lymph node involvement showing infiltration of the paracortex with sparing of primary follicies. 
B Lymphocytes infiltrate high endothelial venules. 
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Fig. 14.03 T-cell prolymphocytic leukaemia. A,B Peripheral blood films from typical cases. 
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Fig. 14.04 T-cell prolymphocytic leukaemia. Partial karyotype showing inv(14)(q11q32). 

In 60% of cases, the cells are CD4-pos- 

itive and CD8-negative. In 25%, they co¬ 

express CD4 and CDS, a feature which 

is almost exclusive to T-PLL; other post- 

thymic T-cell malignancies rarely coex¬ 

press these antigens. The other 15% 

of cases are CD4-negative and CD8- 

positive {2575}. Overexpression of the 

oncoprotein TCL1 can be demonstrated 

by immunohistochemistry or flow cytom¬ 

etry {1616}, which is useful for detecting 

residual T-PLL after therapy. Expression 

of SI00 has been documented in 30% of 

cases {29}. 

Postulated normal counterpart 
The postulated normal counterpart is an 

unknown T cell with a mature (post-thym¬ 

ic) irnmunophenotype. Strong expression 

of CD7, coexpression of CD4 and CDS, 

and weak membrane expression of CDS 

may suggest that T-PLL arises from a 

T cell at an intermediate stage of differ¬ 

entiation between a cortical thymocyte 

and a mature T lymphocyte. 

Genetic profile 
Antigen receptor genes 
TR genes (TRB and TRG) are clonaliy 

rearranged. 

Cytogenetic abnormalities and 
oncogenes 
The most frequent chromosome abnor¬ 

mality in T-PLL involves inversion of chro¬ 

mosome 14 with breakpoints in the long 

arm at q11 and q32, seen in 80% of pa¬ 

tients and described as inv(14)(q11q32). 

In 10%, there is t(14;14)(q11;q32) {457, 

2470}. These translocations juxtapose 

the TRA locus with the oncogenes TCL1A 
and TCUB at 14q32.1, which are acti¬ 

vated through the translocation {3121}. 

The t(X;14)(q28;q11) translocation is less 

common, but it also involves the TRA 

locus, at 14q11 with the MTCP1 gene, 

which is homologous to TCL1A/B at Xq28 

{3797}. Both TCL1AIB and MTCP1 have 

oncogenic properties; both can induce a 

T-cell leukaemia (CD4-, CD8-1-) in trans¬ 

genic mice {1467,4198). The oncoprotein 

TCL1 inhibits activation-induced death in 

the neoplastic T cells, further contribut¬ 

ing to the neoplastic process {961}. Re¬ 

arrangements of TCL1AIB or MTCP1 are 

initiating events but are probably not suf¬ 

ficient to drive leukaemogenesis. 

Abnormalities of chromosome 8, idie(8) 

(p11), t(8;8)(p11-12;q12), and trisomy 8q 

are seen in 70-80% of cases {3121}, 

and gains in the MYC gene have been 

documented by FISH in some cases 

{1713}, Deletions at 12p13 and 22q and 

amplification of 5p are also a feature of 

T-PLL on FISH and/or SNP array {493, 

1631,2901}. Moleoular and FISH stud¬ 

ies also show deletions at 11q23 (the lo¬ 

cus for ATM), and mutation analysis has 

shown missense mutations at the ATM 
locus in T-PLL (3803,4215), T-PLL is not 

an uncommon neoplasm in patients with 

ataxia-telangiectasia {457}. Abnormali¬ 

ties of chromosomes 6 (present in 33% 

of cases) and 17 (in 26%) have also been 

identified in T-PLL by conventional karyo¬ 

typing and comparative genomic hy¬ 

bridization {457,818}. The TP53 gene (at 

17p13,1) is deleted, with overexpression 

of p53, in some cases {458}. 

Whole-exome and targeted sequencing 

studies have shown recurrent alterations 

in genes of the JAK/STAT signalling path¬ 

way, Mutations of JAK3 have been docu¬ 

mented in 30-42% of cases, of JAK1 in 

about 8%, and of STAT5B in 21-36% 

{322,349,2007,3794}. These mutations, 

which are largely mutually exclusive, 

lead to constitutive activation of the STAT 

signalling pathway. In addition, although 

more rarely, genes encoding epigenetic 

modifiers, such as EZH2 and BCOR, 
have been described to be recurrently 

mutated in T-PLL {2007,3794}. 

Genetic susceptibility 
Patients with ataxia-telangiectasia may 

be at increased risk for the development 

of T-PLL. 

Prognosis and predictive factors 
The disease course is aggressive, with a 

median survival of 1-2 years. Cases with 

a more chronic course have also been re¬ 

ported {1296}, but such cases may pro¬ 

gress after 2-3 years. The best responses 

have been reported with the monoclonal 

antibody alemtuzumab (anti-CD52) {917, 

1978), Autologous or allogeneic stem cell 

transplantation should be considered 

for eligible patients who achieve remis¬ 

sion following immunotherapy {1488, 

2116). The findings of mutation activa¬ 

tion of the JAK/STAT signalling pathway 

may provide opportunities to develop 

novel therapies with inhibitors targeting 

this pathway. High levels of expression of 

both TCL1 and AKT1 have been identi¬ 

fied as poor prognostic markers (1617), 

and more recently, STAT5B mutations 

have been documented to have a nega¬ 

tive prognostic impact {3794). 
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T-cell large granular lymphocytic 
leukaemia 

Chan W.C. 
Foucar K. 
Morice W.G 
Matutes E. 

Definition 
T-cell large granular lymphocytic leu¬ 
kaemia (T-LGLL) is a heterogeneous 
disorder characterized by a persistent 
(>6 months) increase in the number of 
peripheral blood large granular lympho¬ 
cytes (LGLs), usually to 2-20 x 10®/L, 
without a clearly identified cause. 

ICD-0 code 9831/3 

Synonyms 
T-celi large granular lymphocytosis; 
CD8-I- T-cell chronic lymphocytic leu¬ 
kaemia (obsolete); T-cell lymphoprolif- 
erative disease of granular lymphocytes; 
T-gamma lymphoproliferative disease 
(obsolete) 

Epidemiology 
T-LGLL accounts for 2-3% of mature 
small lymphocytic leukaemias. There is 
an approximately equal male-to-female 
ratio, with no clearly defined age peak. 
The disease is rare in individuals aged 
<25 years, with <3% of cases occur¬ 
ring in this age group; most cases (73%) 
occur in individuals aged 45-75 years. 

Etiology 
The underlying pathophysiological mech¬ 
anisms of T-LGLL are not well under¬ 
stood, and this disorder is fairly unique 
in that the clonal T-cell LGLs (T-LGLs) 
retain many phenotypic and functional 
properties of normal cytotoxic T lympho¬ 
cyte effector memory cells (377). One 
theory is that T-LGLL arises in a setting 
of sustained immune stimulation. The fre¬ 
quent association of T-LGLL with autoim¬ 
mune disorders supports this hypothesis 
{377,4343). The absence of homeostatic 
apoptosis is also a feature of the T-LGLs; 
these cells express high levels of FAS 
and FASL, leading investigators to pro¬ 
pose activation of prosurvival pathways 
in T-LGLs, which prevents activation- 
induced cell death (1112,3549). FASL 
levels are elevated in the sera of many 
patients, and this elevation is postulat¬ 
ed to be important in the pathogenesis 
of neutropenia (2368). Other pathways 

reported to be dysregulated include the 
MARK, PI3K/AKT, NF-kappaB, and JAK/ 
STAT signalling pathways (3791). About 
one third of the cases carry STATS mu¬ 
tations, which affect the SH2 domain of 
STATS (1854,2086). Rarely, mutations 
affecting the SH2 domain of STAT5B are 
observed (3288), There is evidence that 
these are activating mutations that may 
contribute to the pathogenesis of the dis¬ 
ease by providing prosurvival and growth 
signals (1854,2086), It is possible that T- 
LGLL starts as an immune response to 
a chronic persistent stimulus, with clonal 
selection and eventually the acquisition 
of an oncogenic mutation that allows the 
further expansion and establishment of a 
monoclonal population. 

Localization ; 
T-LGLL involves the peripheral blood, I 
bone marrow, liver, spleen, and rarely : 
skin. Lymphadenopathy is very rare. I 

Clinical features 
Most cases have an indolent clinical ^ 
course. Severe neutropenia (with or with- { 
out anaemia) is frequent, whereas throm- ; 
bocytopenia is not; 60% of patients are ^ 
symptomatic at presentation (650,967, ^ 
2203,3046). The lymphocyte count is : 
usually 2-20 x 10®/L. There is disagree- { 
ment about the level of lymphocytosis ; 
required for the diagnosis of T-LGLL ’ 
(3620), but a T-LGL count of >2 x lO^/L 
is frequently associated with a large 
clonal proliferation. However, cases that , 
have LGL counts of <2 x 10®/L but meet 

Fig. 14.05 T-cell large granular lymphocytic leukaemia. The various morphological variants of large granular lympho¬ 
cyte in the peripheral blood (Wright stain). 
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Fig. 14.06 Immunohistochemical staining for TIA1 of bone marrow (A) and spleen (B). In the spleen the cells 

accumulate in the sinusoids and cords. 

all Other criteria are consistent with this 

diagnosis. Cases with low counts of 

LGLs in the blood and low bone marrow 

infiltration generally have small clonal 

populations; their designation as T-LGLL 

is questionable, and other names have 

been proposed {3687). A pitfall in diag¬ 

nosis is the frequent development of oli- 

gocional T-cell populations following al¬ 

logeneic bone marrow transplantation as 

lymphocyte reconstitution occurs (1253, 

2552,3687). Severe anaemia due to red 

blood cell hypoplasia has been reported 

in association with T-LGLL (2203), Mod¬ 

erate splenomegaly is the main physical 

finding. Rheumatoid arthritis, the pres¬ 

ence of autoantibodies, circulating im¬ 

mune complexes, and hypergammaglob- 

ulinaemia are also common {650,2203, 

3001). Oligoclonal or clonal expansions 

of T-LGLs can be observed in a variety 

of situations. For example, rare cases of 

T-LGLL have been observed as a form of 

post-transplant lymphoproliferative disor¬ 

der (151,186,2829). Clonal populations of 

T-LGLs are also seen in association with 

low-grade B-cell malignancies, including 

hairy cell leukaemia and chronic lympho¬ 

cytic leukaemia, and in particular follow¬ 

ing immunochemotherapy (151,2529). 

Cases that are CD4-positive have been 

reported to be frequently (i.e. in 30% of 

cases) associated with an underlying 

haematological or (less often) non-hae- 

matological malignancy (2335). 

Morbidity and mortality are mostly due to 

the accompanying cytopenias or other 

accompanying diseases. There is no dif¬ 

ference in survival between cases with 

and without STATS mutation, although 

mutation seems to be associated with 

more-symptomatic disease and shorter 

time to treatment failure (1854,2086). The 

rare finding of STAT5B mutations appears 

to be associated with more-aggressive 

disease (3288), 

Microscopy 
The predominant lymphocytes in blood 

and bone marrow films are LGLs with 

moderate to abundant cytoplasm and 

fine or course azurophilic granules (464, 

650,2599). The granules in the LGLs of¬ 

ten exhibit a characteristic ultrastructural 

appearance described as parallel tubu¬ 

lar arrays (2599) and contain a number 

of proteins that play a role in cytolysis, 

such as perforin and granzyme B, De¬ 

spite the cytopenias, the bone marrow 

is normocellular or hypocellular in about 

50% of cases; in the other 50%, the mar¬ 

row is slightly hypercellular (2741,3003). 

The granulocytic series often shows left- 

shifted maturation, and mild to moder¬ 

ate reticulin fibrosis is present (650). The 

extent of bone marrow involvement is 

variable, and usually constitutes <50% 

of the cellular elements, with interstitial/ 

intrasinusoidal infiltrates that are diffi¬ 

cult to identify by morphological review 

(2741). Non-neoplastic nodular lymphoid 

aggregates containing many B cells sur¬ 

rounded by a rim of CD4+ T cells are also 

frequently present (3003). 

Splenic involvement is characterized by 

infiltration and expansion of the red pulp 

cords and sinusoids by T-LGLs, with 

sparing of the often hyperplastic white 

pulp (3004). 
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Fig. 14.07 T-cell large granular lymphocytic leukaemia. Bone marrow findings. A Neoplastic cells infiltrate interstitially, as demonstrated by staining for TIA1. 

B,C Reactive lymphoid aggregates. Lymphoid nodules in the bone marrow immunostained with anti-CD20 (B) and anti-CD3 (C). B cells in the nodule are admixed with CD3+ 

T cells that predominate at the periphery. 
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Fig. 14.08 STAT3 mutations in large granular lymphocytic leukaemia (LGL). From: Jerez A et al. {1854} 

Variant 
Cases that morphologically resemble 

T-LGLL but have an NK-cell immunophe- 

notype, I.e. that are negative for surface 

CDS (sCDS) and T-cell receptor (TCR) 

expression, are classified with the NK- 

cell disorders. 

Cytochemistry 
The granules are positive for acid phos¬ 

phatase and beta-glucuronidase. En¬ 

zyme cytochemical studies are rarely 

performed for routine diagnosis. 

Immunophenotype 
T-LGLL is typically a disorder of mature 

CD2-r, CDS-r, CD8-r, CD57-^, and al¬ 

pha beta TCR-positive cytotoxic T cells 

(650,3046}. Uncommon variants include 

CD4-I- / alpha beta TCR-positive cases 

and gamma delta TCR-positive cases; ap¬ 

proximately 60% of the latter express CDS, 

and the remainder are CD4/CD8-negative 

(650,2335,3046,3504,3620). Abnormally 

diminished or lost expression of CD5 

and/or CD7 is common in T-LGLL (2416, 

2740). CD57 and GDI6 are expressed in 

>80% of cases (2203,2740). Expression 

of CD94/NKG2 family and killer-cell immu¬ 

noglobulin-like receptor (KIR) family mem¬ 

bers, which are major histocompatibility 

complex (MHC) class I receptors, can be 

detected in >50% of T-LGLLs, but expres¬ 

sion of CD56 is infrequent. KIR-positive 

cases usually show uniform expression of 

a KIR-famiiy member, and this finding can 

serve as a surrogate indicator of clonality 

similar to the restricted expression of TCR- 

beta family members (2416,2740). T-LGLs 

express the cytotoxic effector proteins 

TIA1, granzyme B, and granzyme M. Bone 

marrow core biopsy immunohistochem- 

istry can confirm the diagnosis by high¬ 

lighting the interstitial and intrasinusoidal 

T-LGL infiltrates and revealing the non-ne- 

oplastic nature of the nodular aggregates 

(2738,2741,3003). 

Cell of origin 
A subset of CD8-I- alpha beta T cells for 

the common type and a subset of gam¬ 

ma delta T cells for the rare type express¬ 

ing the gamma delta TCR 

Genetic profile 
Antigen receptor genes 
As a rule, cases classified as T-LGLL 

are clonal as dooumented by TR gene 

rearrangement studies (2203). The TRG 

gene is rearranged in all cases, regard¬ 

less of the type of TCR expressed. TRB 

is rearranged in cases expressing the al¬ 

pha beta TCR, but the TRB gene may be 

in germline configuration in gamma delta 

TCR cases (4194). Deep sequencing of 

the TRB CDR3 has demonstrated that the 

dominant clonotypes in the CD8-i- LGLs 

tend to be private and not oommonly 

shared in the CDR3 repertoire seen in 

normal individuals (768). 

Cytogenetic abnormalities and 
oncogenes 
STAT3 mutations have been found in 

about one third of cases. These activat¬ 

ing somatic mutations affect the SH2 j, 

domain of STAT3\ the vast majority are i 

heterozygous, and they most frequently 

affect codon Y640 or D661 (1854,2086). 

Very rarely, STAT5B SH2 domain muta¬ 

tions have been documented, and the 

N642H mutation may be associated with 

more-aggressive disease (3288). 

There is no recurrent karyotypic ab¬ 

normality, but numeric and structural 

chromosomal abnormalities have been 

described in a small number of cases 

(2203). 

Prognosis and predictive factors j 
The lymphoproiiferation is typically in¬ 

dolent and non-progressive, and some 

investigators feel that this entity is better i 

regarded as a clonal disorder of uncer¬ 

tain significance than as a leukaemia. 

Morbidity is associated with the cytope- j 

nias (especially neutropenia), but mortal- ' 

ity due to this cause is uncommon. In a 

series of 68 cases, the actuarial median 

survival was 161 months (967). There ^ 

appears to be no difference in survival ] 

between cases with and without STAT3 ) 

mutation, although mutation seems to \ 
be associated with more-symptomatic 

disease and shorter time to treatment i 

failure {1854,2086}, The rare finding of 

STAT5B mutations appears to be as¬ 

sociated with more aggressive disease ^ 

(3288,1327,4025). Rare cases have un¬ 

dergone transformation to a peripheral 

T-cell lymphoma composed of large cells 

(2585). Some of the aggressive cases 

may represent peripheralization of a pe¬ 

ripheral T-cell lymphoma. Conversely, 

rare cases with spontaneous remission 

have also been reported (4338). Patients , 

who require treatment may benefit from 

cyclosporine, cyclophosphamide, and 

corticosteroids or low-dose methotrex¬ 

ate, which has been reported to induce 

clinical remission in as many as 50% of 

patients (650,2203,3005), Some patients 

have benefited from pentostatin (3005). 

Splenectomy has been performed in 

patients with a large spleen, but does 

not correct the cytopenia. In light of the 

discovery of activation of the STAT3 or 

STAT5B pathway in patients with (and 

possibly also patients without) activating 

mutations (1854), inhibiting this pathway 

could be an option for the treatment of 

T-cell and NK-cell LGL proliferations. 
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Chronic lymphoproliferative disorder of vaiamorN^ 
^ ■ * Morice W.G 

NK ceiis Chan W.C. 
Foucar K. 

Definition 
Chronic lymphoproliferative disorders of 

NK cells (CLPD-NKs) are rare and het¬ 

erogeneous, They are characterized by 

a persistent (>6 months) increase in the 

peripheral blood NK-cell count (usually 

to >2 X 10®/L) without a clearly identi¬ 

fied cause. It is difficult to distinguish be¬ 

tween reactive and neoplastic conditions 

without highly specialized techniques. 

CLPD-NK is a proliferation of NK cells 

associated with a chronic clinical course, 

and is considered a provisional entity. 

ICD-0 code 9831/3 

Synonyms 
Chronic NK-cell lymphocytosis; chronic 

NK large granular lymphocyte lympho¬ 

proliferative disorder; NK-cell large gran¬ 

ular lymphocyte lymphocytosis; indolent 

large granular NK-cell lymphoprolif¬ 

erative disorder; indolent leukaemia of 

NK cells 

Epidemiology 
CLPD-NK occurs predominantly in 

adults, with a median patient age of 

60 years and no sex predominance 

(2204,2336,3274). Unlike in EBV-associ- 

ated aggressive NK-cell leukaemia, there 

is no racial or genetic predisposition. 

Etiology 
A transient increase in circulating NK cells 

can be encountered in many conditions, 

such as autoimmune disorders and viral 

infections (2204,3274). NK-cell activation 

due to an unknown stimulus, presum¬ 

ably viral, is postulated to play a role in 

the early pathogenesis of CLPD-NKs by 

selecting and expanding NK-cell clones, 

although no evidence of direct NK-cell 

infection has been observed (1113,2336, 

2398,3274,3605,4456,4457). The tyros¬ 

ine kinase inhibitor dasatinib produces a 

sustained increase in NK cells that can 

be monoclonal (2113,2796), One third of 

cases have activating mutations in the 

STATS S\-\2 domain (1163,1854). 

Localization 
The peripheral blood and bone marrow 

are the predominant sites. 

Clinical features 
Most patients are asymptomatic, but 

some present with systemic symptoms 

and/or cytopenia (mainly neutropenia 

and anaemia). Lymphadenopathy, he¬ 

patomegaly, and cutaneous lesions are 

infrequent (260,2336,3001,3274), CLPD- 

NKs may occur in association with other 

medical conditions, such as solid and 

haematological tumours, vasculitis, sple¬ 

nectomy, neuropathy, and autoimmune 

disorders (2336,3001,3075,3274). CLPD- 

NK is distinguished from NK-cell lym¬ 

phoproliferative disorders involving the 

gastrointestinal tract, designated as NK- 

cell enteropathy or lymphomatoid gas- 

tropathy of NK-cell type (2489A; 3882A). 

Microscopy 
The circulating NK cells are typically in¬ 

termediate in size, with round nuclei with 

condensed chromatin and moderate 

amounts of slightly basophilic cytoplasm 

containing fine or coarse azurophilic 

granules. These large granular lympho¬ 

cytes are monotonous, and features of 

lymphocyte activation are not appar¬ 

ent. Lymphocytosis may be apparent 

on bone marrow aspirate smears, but 

large granular lymphocyte morphology 

is often subtle. The bone marrow biopsy 

is characterized by intrasinusoidal and 

interstitial Infiltration by cells with small, 

minimally irregular nuclei and modest 

amounts of pale cytoplasm. These in¬ 

filtrates are difficult to detect without 

immunohistochemistry, 

Immuncphenctype 
CLPD-NK shows a distinctive profile by 

flow cytometric immunophenotyping. 

Surface CD3 is negative, whereas cCD3- 

epsilon is often positive. CD16 is positive, 

and weak CD56 expression is frequently 

observed (2336,2738,2739,2740,3075, 

4259). Cytotoxic markers (including TIA1, 

S 
Ql 

iiii|' 11 iiiiif 

C03Pe FU M 

< 
tn 

O 2 
Ol 

Q 
CL = 

5^ 
o 2 

<=i 

* » ^ f* •• 
mi8i|—nrmni—i i iimb|—r 

10^ 10^ lo' 10* 

158aAPC-A 

Sl 

2-1 

“1 ■- 

j I^Wronly 
'Mv 

TB—1 1 IIIB—1 MIW r 

158e PE-A 

Fig. 14.09 Chronic lymphoproliferative disorder of NK cells (CLPD-NK). Peripheral-blood flow-cytometric immuno¬ 

phenotyping reveals an increase in CD16+/CD3- NK cells (upper panel, red arrow). Selective gating on these cells 

reveals that they uniformly express the killer-cell immunoglobulin-like receptor isoform CD158a (lower-left panel, 

orange arrow) and lack expression of the isoforms CD158b and CD158e (lower-right panel, orange arrow). This 

restricted pattern of killer-cell immunoglobulin-like receptor expression by NK cells is abnormal and supports the 

diagnosis of CLPD-NK. 
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Fig. 14.10 Chronic lymphoproliferative disorder of NK cells. A-C Peripheral blood films show a lymphocyte with 

coarse azurophilic granulation (A), a lymphocyte with numerous fine granulations (B), and a lymphocyte with scarce 

granulation at the limit of visibility (C). D Intrasinusoidal marrow infiltration by cells positive for granzyme B, Note the 

bland nuclear cytology of the antigen-positive cells. 

granzyme B, and granzyme M) are posi¬ 

tive. There may be diminished or lost 

expression of CD2, CD7, and CD57, and 

abnormal uniform expression of CDS 

(2735,2740). Expression of the killer-cell 

immunoglobulin-like receptor (KIR) fam¬ 

ily of NK-cell receptors is abnormal in 

CLPD-NK; either restricted KIR isoform 

expression or a complete lack of detect¬ 

able KIRs may be seen (1113,1661,2740, 

3075,4456,4459). KIR-positive cases 

preferentially express activating receptor 

isoforms (1113,4456). Other abnormali¬ 

ties of NK-cell receptors include uniform, 

bright CD94/NKG2A heterodimer ex¬ 

pression and diminished CD161 expres¬ 

sion (2336,2740,3 605,4259). 

Postulated normal counterpart 
A mature NK cell 

Genetic profile 
The karyotype is normal in most cases 

(30 01,3274,3925). Activating mutations 

in the STATS SH2 domain are present 

in 30% of cases, and the finding of this 

mutation excludes non-neoplastic NK- 

cell proliferations (1163). There are no re¬ 

arrangements of the IG and TR genes, as 

expected for NK cells. In female patients, 

it is possible to use X-chromosome inac¬ 

tivation as an indirect marker of clonality. 

A skewed ratio of X-chromosome inacti¬ 

vation restricted to NK cells is indicative 

of a clonal population. 

With such methodologies, clonality is ) 

found in some patients (1981,2336,2831). j 

Unlike in aggressive NK-cell leukaemia, ; 

EBV is negative (2204,2398,4457). ) 

Genetic susceptibility j 
A genetic susceptibility may be linked to ; 

haplotypes containing higher numbers of ) 

activating KIR genes (1113,3605,4456). j 
i 
i 

Prognosis and predictive factors i 

In most patients, the clinical course is 1 

indolent over a prolonged period, and : 

no therapy is needed. In general, the 

management of CLPD-NKs is similar to < 

that of T-cell large granular lymphocytic j 

leukaemia (2205). Disease progression | 

with increasing lymphocytosis and wors- | 

ening of cytopenias is observed in some j 
cases. Cytopenias, recurrent infections, j 
and comorbidity may be harbingers of a ) 

worse prognosis. Rare cases with either 

spontaneous complete remission (2336, 

3001,3274,4458} or transformation to an 

aggressive NK-cell disorder have been 

described (1722,2948,3427). Cytoge¬ 

netic abnormalities may imply a worse 

prognosis and could be associated with 

the rare transformations reported in the 

literature (2948). 
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Aggressive NK-cell leukaemia Chan J.K.C, 

Jaffa E.S. 

Ko Y.-H. 

Fig. 14.11 Aggressive NK-cell leukaemia. A In this blood smear, the neoplastic cells are very similar to normal large 

granular lymphocytes. B In the peripheral blood, the neoplastic cells in this case have basophilic cytoplasm and 

nuclei with more open chromatin and distinct nucleoli. Azurophilic granules can be seen in the cytoplasm. C The 

neoplastic cells are negative for surface CDS, whereas the normal T lymphocytes are stained. D Neoplastic cells 

show strong immunoreactivity for CD56. 

Definition 
Aggressive NK-cell leukaemia is a sys¬ 

temic neoplastic proliferation of NK cells 

frequently associated with EBV and an 

aggressive clinical course. 

ICD-0 code 9948/3 

Synonym 
Aggressive NK-cell leukaemia/lymphoma 

Epidemiology 
This rare form of leukaemia is much more 

prevalent among Asians than in other 

ethnic populations {3460}. Patients are 

most commonly young to middle-aged 

adults, with a median age of 40 years 

and two incidence peaks, in the third and 

fifth decades of life {1786,2297,3062, 

3728.3840) . There is no definite sex pre¬ 

dilection (640,647,1756,2155,2157,2297, 

2999.3460.3462.3728.3840) , 

Etiology 
Little is known about the etiology of ag¬ 

gressive NK-cell leukaemia, but the 

strong association with EBV suggests a 

pathogenetic role of the virus. In younger 

patients, the leukaemia may evolve from 

chronic active EBV infection (1788,1789, 

3062). 

Localization 
The most commonly involved sites are the 

peripheral blood, bone marrow, liver, and 

spleen, but any organ can be involved. 

Fig. 14.12 Aggressive NK-cell leukaemia. In situ hybrid¬ 

ization for EBV-encoded small RNA (EBER) highlights 

the neoplastic cells in the bone marrow biopsy. The nu¬ 

clear atypia in this example is striking. 

There can be overlap with extranodal 

NK/T-cell lymphoma showing multiorgan 

involvement; it is unclear whether aggres¬ 

sive NK-cell leukaemia is the leukaemic 

counterpart of extranodal NK/T-cell lym¬ 

phoma (640). 

Clinical features 
Patients usually present with fever, con- 

Fig. 14.13 Aggressive NK-cell leukaemia complicated 

by haemophagocytic syndrome. The marrow biopsy 

shows neoplastic cells with substantial nuclear pleo- 

morphism and Irregular nuclear foldings. There are 

admixed histiocytes with phagocytosed red blood cells. 

stitutional symptoms, and a leukaemic 

blood picture. The number of circulating 

leukaemic cells may be low or high (a 

few per cent to >80% of all leukocytes); 

anaemia, neutropenia, and thrombocyto¬ 

penia are common. Serum lactate dehy¬ 

drogenase levels are often markedly ele¬ 

vated. Hepatosplenomegaly is common, 

sometimes accompanied by lymphade- 

Fig. 14.14 Aggressive NK-cell leukaemia. The neoplas¬ 

tic cells in this marrow aspirate smear show substantial 

nuclear pleomorphism. Histiocytes with phagocytosed 
red blood cells are apparent. 
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nopathy, but skin lesions are uncommon. 

Effusions are common. The disease may 

be complicated by coagulopathy, hae- 

mophagocytic syndrome, or multiorgan 

failure {647,1756,2157,2297,2733,2970, 

3728,3840). Rare cases may evolve 

from extranodal NK/T-cell lymphoma or 

chronic lymphoproliferative disorder of 

NK cells {1591,2948,3001,3722,4482). 

Microscopy 
Circulating leukaemic cells can show a 

range of appearances, from cells indis¬ 

tinguishable from normal large granular 

lymphocytes to cells with atypical nuclei 

featuring enlargement, irregular fold¬ 

ings, open chromatin, or distinct nucleoli. 

There is ample pale or lightly basophilic 

cytoplasm containing fine or coarse az¬ 

urophilic granules. The bone marrow 

shows massive, focal, or subtle infiltra¬ 

tion by the neoplastic cells, and there 

can be intermingled reactive histiocytes 

with haemophagocytosis. In tissue sec¬ 

tions, the leukaemic cells show diffuse or 

patchy destructive infiltrates. They often 

appear monotonous, with round or irreg¬ 

ular nuclei, condensed chromatin, and 

small nucleoli, but they can sometimes 

show substantial nuclear pleomorphism. 

There are frequently admixed apoptotic 

bodies. Necrosis is common, and there 

may or may not be angioinvasion, 

Immunophenotype 
The neoplastic cells typically have a 

CD2-t-, surface CD3-, CD3-epsilon-i-, 

CD5-, CD56-t- phenotype and are posi¬ 

tive for cytotoxic molecules. Thus, the 

immunophenotype is identical to that of 

extranodal NK/T-cell lymphoma, except 

that GDI6 is frequently (in 75% of cases) 

positive (3840). Aberrant immunophe- 

notypes can also occur, such as loss of 

expression of CD2, CD7, or CD45 {2297}. 

GDI 1b may be expressed, whereas 

GD57 is usually negative {640,2999), 

The neoplastic cells express EASE, and 

high levels can be found in the serum of 

affected patients (1960,2452,3891). 
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Fig. 14.16 Aggressive NK-cell leukaemia. Bone marrow biopsy. A Patchy involvement by neoplastic cells with sub¬ 

stantial nuclear pleomorphism. B Immunostaining for CD3 highlights the neoplastic population and accentuates 

the nuclear irregularities. C Extensive bone marrow involvement by a monotonous population of uniform-looking 
cells, D The neoplastic cells stain positively for CD56, 

Fig. 14.15 Aggressive NK-cell leukaemia. Lymph node. 

The neoplastic cells appear monotonous and have round 

nuclei. There are many interspersed apoptotic bodies. 

Cell of origin 
An activated NK cell | 

Genetic profile ; 
TR genes are in germline configura- I 

tion. EBV is reported to be positive in i 

85-100% of cases, and EBV is present in i 

a clonal episomal form (647,1564,1971). : 

The EBV-negative subset of cases oc- | 

cur de novo or evolve from chronic lym- ; 

phoproliferative disorder of NK cells, and i 

have clinicopathological features similar j 

to those of EBV-positive cases; however, ; 

it is unclear whether the clinical outcome | 

is similar {1773,2057,2866A,3062,3139, i 

3840). ! 

Various clonal cytogenetic abnormali- t 

ties have been reported, such as dei(6) 

(q21q25) and 11q deletion (3462). An ar- i 

ray comparative genomic hybridization j 

study identified significant differences ' 

in genetic changes between aggressive i 

NK-cell leukaemia and extranodal NK/T- 1 

cell lymphoma: losses in 7p and 17p as ' 

well as gains in 1q are frequent in the ) 

former but not the latter; deletions in 6q j 

are common in the latter but rare in the ! 

former (2817). i 

Prognosis and predictive factors ! 
Most cases have a fulminant clinical I 
course, frequently complicated by mul- | 

tiorgan failure, coagulopathy, and hae- i 

mophagocytic syndrome. The median 

survival is <2 months (640,2297,3462, 

3728,3840,4482). Response to chemo¬ 

therapy is usually poor, and relapse is 

common in patients who achieve remis¬ 

sion with or without bone marrow trans¬ 

plantation (2297,3840). 

354 Mature T- and NK-cell neoplasms 



EBV-positive T-cell and NK-cell 
lymphoproliferative diseases of 
childhood 

Quintanilla-Martinez L. 

Ko Y.-H. 

Kimura H, 

Jaffa E.S. 

EBV-associated T-cell and NK-cell lym¬ 

phoproliferative disorders in the paediat¬ 

ric age group can be categorized into two 

major groups: systemic EBV-positive T- 

cell lymphoma of childhood and chronic 

active EBV infection. Both occur with in¬ 

creased frequency in Asians and in Native 

Americans from Central and South Amer¬ 

ica and Mexico. Systemic EBV-positive 

T-cell lymphoma of childhood has a very 

fulminant clinical course, usually associ¬ 

ated with a haemophagocytic syndrome. 

Chronic active EBV infection of T- and NK- 

cell type shows a broad range of clinical 

manifestations, from indolent, localized 

forms such as hydroa vacciniforme-like 

lymphoproliferative disorder and severe 

mosquito bite allergy to more systemic 

disease characterized by fever, hepatos- 

plenomegaly, and lymphadenopathy, with 

or without cutaneous manifestations dis¬ 

eases. Additionally, significant overlap in 

the morphological features of the follow¬ 

ing conditions is present. Therefore, cor¬ 

relation with clinical features is critical for 

accurate diagnosis. 

Systemic EBV-positive T-ceii 
iymphoma of chiidhood 

Definition 
Systemic EBV-positive T-cell lymphoma 

of childhood is a life-threatening illness of 

children and young adults, characterized 

by a clonal proliferation of EBV-infected 

T cells with an activated cytotoxic phe¬ 

notype. It can occur shortly after primary 

acute EBV infection or in the setting of 

chronic active EBV infection (CAEBV). 

It has rapid progression, with multior¬ 

gan failure, sepsis, and death, usually 

within a timeframe of days to weeks. A 

haemophagocytic syndrome is nearly al¬ 

ways present, This entity has some clin- 

icopathologicai features overlapping with 

those of aggressive NK-cell leukaemia. 

ICD-0 code 9724/3 

Synonyms and historical terminology 
Historically, this process has been de- 

Table 14.01 Classification of EBV-positive T-cell and NK-cell proliferations 

Diagnosis Usual patient age group(s) 

EBV-positive haemophagocytic lymphohistiocytosis Paediatric, adolescent 
(benign, may be self-limited) 

Systemic CAEBV Paediatric, adolescent 

Cutaneous CAEBV, hydroa vacciniforme-like lymphoproliferative disorder Paediatric, adolescent 

Cutaneous CAEBV, severe mosquito bite allergy Paediatric, adolescent 

Systemic EBV-positive T-cell lymphoma Paediatric, adolescent 

Aggressive NK-cell leukaemia Adult 

Extranodal NK/T-cell lymphoma, nasal type Adult 

Nodal peripheral T-cell lymphoma, EBV-positive" Adult 

CAEBV, chronic active EBV infection. 

^ Included within the category of peripheral T-cell lymphoma, NOS. 

scribed using a variety of terms, including 

fulminant EBV-positive T-cell lymphopro¬ 

liferative disorder of childhood {3269}, 

sporadic fatal infectious mononucleosis, 

fulminant haemophagocytic syndrome 

in children (in Taiwan, China) (3822); fa¬ 

tal EBV-associated haemophagocytic 

syndrome (in Japan) {2011}; and severe 

CAEBV {2025,2963,3838}. The term ful¬ 

minant or fatal haemophagocytic syn¬ 

drome was used to describe a systemic 

disease secondary to acute primary EBV 

infection affecting previously healthy chil¬ 

dren, but the disease has since been 

shown to be a monoclonal CD8-i- T-cell 

EBV-associated lymphoproliferative dis- 
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TCRG 
Fig. 14.17 Systemic EBV-positive T-cell lymphoma of 

childhood. PCR for TR gamma rearrangement dem¬ 

onstrates an identical T-cell clone in liver, spleen, and 

lymph nodes. 

order, and is therefore now considered 

equivalent to systemic EBV-positive T-cell 

lymphoma of childhood {3269}, The term 

CAEBV was coined to describe an in¬ 

fectious mononucleosis-like syndrome 

persisting for at least 6 months and as¬ 

sociated with high titres of IgG antibod¬ 

ies against EBV viral capsid antigen and 

early antigen, with no association with 

malignancy, autoimmune diseases, or 

immunodeficiency {3809}. Because the 

earliest described cases, which were 

found in western populations, showed 

EBV predominantly in B cells {779,3809}, 

CAEBV was originally thought to be a 

disorder affecting B cells, but has since 

been shown to affect primarily T cells and 

NK cells {780,2025,2026}. Progression 

to EBV-positive T-cell lymphoma is not 

unusual {1877,1918,2026,3269}. A more 

severe form of CAEBV, characterized by 

high fever, hepatosplenomegaly, exten¬ 

sive lymphadenopathy, haemophago¬ 

cytic syndrome, and pancytopenia, has 

been described in patients in Japan 

{2025,2028,3838}. These patients had 

higher viral copy numbers in peripheral 

blood, as well as monoclonal expan¬ 

sion of EBV-infected T cells or NK cells. 

Severe CAEBV with monoclonal EBV- 

positive T-cell proliferation is part of the 
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Fig. 14.18 Systemic EBV-positive T-cell lymphoma of childhood. A The bone marrow shows histiocytic hyperplasia with a lymphoid infiltrate composed of relatively large cells 
with bland nuclei and inconspicuous nucleoli. B CDS is positive in the large lymphoid cells. C Double staining demonstrates that many of the CD8+ lymphocytes are also positive 
for EBV encoded small RNA (EBER). 

spectrum of systemic EBV-positive T-cell 

lymphoma of childhood (2951,3269|; to 

avoid confusion, it should not be referred 
to as CAEBV. 

Epidemiology 
Systemic EBV-positive T-cell lymphoma 

of childhood is most prevalent in Asia, pri¬ 

marily in Japan and Taiwan, China {2011, 

2025,3822,3838}. It has been reported in 

Mexico and in Central and South America, 

and is reported rarely in non-indigenous 

populations in western countries {3269}. It 

occurs most often in children and young 

adults. There is no sex predilection. 

Etiology 
Although the etiology of systemic EBV- 

positive T-cell lymphoma of childhood 
is unknown, its association with primary 

EBV infection and its racial predisposi¬ 

tion strongly suggest a genetic defect in 

the host immune response to EBV {2011, 

2025,3269,3822,3838}. 

Localization 
This is a systemic disease. The most 

commonly involved sites are the liver and 

spleen, followed by the lymph nodes, 

bone marrow, skin, and lungs {2011,2025, 

3269,3822.3838}. 

Clinical features 
Previously healthy patients present with 

acute onset of fever and general malaise 

suggestive of an acute viral respiratory ill¬ 

ness. Within a period of weeks to months, 

patients develop hepatosplenomegaly 

and liver failure, sometimes accompanied 

by iymphadenopathy. Laboratory tests 

show pancytopenia, abnormal liver func¬ 

tion, and often abnormal EBV serology, 

with low or absent IgM antibodies against 

viral capsid antigen. The disease is usual¬ 

ly complicated by haemophagocytic syn¬ 

drome, coagulopathy, multiorgan failure, 

and sepsis {3269}, Some cases occur in 

patients with a well-documented history 

of CAEBV {1877,1918}. A disorder that 

is probably related but presents mainly 

with Iymphadenopathy and high lactate 

dehydrogenase levels has recently been 

reported in children from Peru {3388}, 

Spread 
The disease is systemic, with the poten¬ 

tial to involve all organ systems. How¬ 

ever, involvement of the CNS is less often 
seen. 

Fig. 14.19 Systemic EBV-positive T-cell lymphoma of childhood. Lymph node. A The lymph node shows partial preservation of the architecture with residual regres¬ 
sive follicles and expanded interfollicular area. Inset: The interfollicular infiltrate is polymorphic with some relatively large cells with irregular nuclei and prominent nucleoli, 

B The infiltrating lymphocytes are CD8-positive. Inset: The atypical cells are CD8-positive C Many cells are positive for EBV-encoded small RNA (EBER). Inset: Double staining 
demonstrates that the EBER positive cells (black) are positive for CD8 (brown). 

356 Mature T- and NK-cell neoplasms 



Fig. 14.20 Systemic EBV positive T-cell lymphoma of childhood. A The liver shows a dense lymphoid infiltrate in the portal tract with sinusoidal extension. Inset: The lymphoid 

cells are medium-sized with irregular nuclei. B The infiltrating lymphocytes are CD8-positive. C In situ hybridization for EBV-encoded small RNA (EBER) shows that the CD8+ 
cells are also positive for EBV RNA. 

Microscopy 
The infiltrating T cells are usually small 

and lack substantial cytological atypia 

{3269}. However, cases with pleomor¬ 

phic medium-sized to large lymphoid 

ceils, irregular nuclei, and frequent mi¬ 

toses have been described {3838}. The 

liver and spleen show mild to marked 

sinusoidal infiltration, with striking hae- 

mophagocytosis. The splenic white pulp 

is depleted. The liver has prominent por¬ 

tal and sinusoidal infiltration, cholestasis, 

steatosis, and necrosis. The lymph nodes 

usually show preserved architecture with 

open sinuses. The B-cell areas are de¬ 

pleted, whereas the paracortical areas 

may be expanded and show a subtle to 

dense infiltration and a broad cytological 

spectrum ranging from small or medi¬ 

um-sized lymphocytes to large atypical 

lymphocytes with hyperchromatic and 

irregular nuclei. The more advanced the 

disease, the more depleted the lymph 

nodes look. A variable degree of sinus 

histiocytosis with erythrophagocytosis 

is present. Bone marrow biopsies show 

histiocytic hyperplasia with prominent 

erythrophagocytosis. 

Immunophenotype 
The neoplastic cells most typically have a 

CD2-I-, CD3-I-, CD56-, TIAI-f phenotype. 

Most cases secondary to acute primary 

EBV infection are CD8-positive {1952, 

3269,3822}, whereas cases occurring in 

the setting of severe CAEBV are CD4- 

positive {1877,1918,3269}. Rare cases 

show both CD4-I- and CD8-i- EBV-infected 

T cells {3269}. EBV-encoded small RNA 

(EBER) is positive. 

Postulated normal counterpart 
A cytotoxic CD8-I- T cell or activated 

CD4-I- T cell 

Genetic profile 
The cells have monoclonally rearranged 

TR genes. All cases harbour EBV in a 

clonal episomal form {1877,2011,2025, 

3838}. All cases analysed carry type A 

EBV, with either wildtype or the 30 bp- 

deleted product of the LMP1 gene {1952, 

3269,3838}. In situ hybridization for 

EBER shows that most of the infiltrating 

lymphoid cells are positive. No consist¬ 

ent chromosomal aberrations have been 

identified (675,2025,3707). 

Prognosis and predictive factors 
Most cases have a fulminant clinical 

course resulting in death, usually within 

days to weeks of diagnosis. The disease 

is usually complicated by haemophago- 

cytic syndrome. Few cases have been 

reported to respond to an etoposide- and 

dexamethasone-based regimen followed 

by allogeneic haematopoietic stem cell 

transplantation (the HLH-2004 protocol) 

{178,1611,1882,2026,3707}. The rapidly 

progressive clinical course is similar to 

that of aggressive NK-cell leukaemia. 

Fig. 14.21 Systemic EBV-positive T-cell lymphoma of childhood. A The spleen shows depletion of the white pulp and prominent sinusoidal and nodular lymphoid infiltrates. 

The nodules are composed predominantly of CD4+ cells. B In situ hybridization for EBV-encoded small RNA (EBER) shows that the CD4+ cells are also positive for EBV RNA. 
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Fig. 14.22 Chronic active EBV infection of T-ceil type in the iiver. Sequential liver biopsies demonstrating stable disease without progression. A Liver biopsy shows single cell 
necrosis and a sinusoidal lymphocytic infiltrate. Lymphocytes (CD3+) do not show cytological atypia. B,C,D EBER in situ hybridization of sequential biopsies obtained over a 

period of four years shows no increase in EBER-positive cells over time. 

Chronic active EBV infection 
of T- and NK-cell type, 
systemic form 

Definition 
Chronic active EBV infection (CAEBV) of 

T-cell or NK-cell type is a systemic EBV- 

positive polyclonal, oligoclonal, or (often) 

monoclonal lymphoproliferative disorder 

characterized by fever, persistent hepa¬ 

titis, hepatosplenomegaiy, and lymphad- 

enopathy, which shows varying degrees 

of clinical severity depending on the host 

immune response and the EBV viral load. 

The revised diagnostic criteria for CAEBV 

include Infectious mononucleosis-like 

symptoms persisting for >3 months, in¬ 

creased EBV DNA (>10^-^ copies/mg) in 

peripheral blood, histological evidence of 

organ disease, and demonstration of EBV 

RNA or viral protein in affected tissues in 

patients without known immunodeficien¬ 

cy, malignancy, or autoimmune disorders. 

Synonym 
Systemic chronic active EBV infection of 

T-cell and NK-cell type 

Epidemiology 
Systemic CAEBV of T- and NK-cell type 

has a strong racial predisposition, with 

most cases reported from Asia, primar¬ 

ily in Japan {1954,2025,2026,2951, 

3838}; the Republic of Korea {1676); and 

Taiwan, China {4244}. It has also been 

reported in Latin America and rarely in 

western {3422,3592,3730} and African 

populations {3353}. It occurs most often 

in children and adolescents. Adult-onset 

disease is rare and appears to be rapidly 

progressive and more aggressive {124, 

1792}. There is no sex predilection. 

Etiology 
Although the etiology is unknown, the 

strong racial predisposition for the devel¬ 

opment of CAEBV of T- and NK-cell type 

in immunocompetent individuals strongly 

suggests that genetic polymorphisms in 

genes related to the EBV immune response 

are responsible for the development of this 

disease {780,2023}. EBV-specific cyto¬ 

toxic T lymphocyte activity is impaired in 

patients with CAEBV {780,3829,4071}. 

Localization 
This is a systemic disease. The most 

commonly involved sites are the liver, 

spleen, lymph nodes, bone marrow, and 

skin. The lungs, kidneys, heart, CNS, and 

gastrointestinal tract can also be involved 

{2025,2026,3062}. 

Clinical features 
Approximately 50% of patients present 

with infectious mononucleosis-like ill¬ 

ness, including fever, hepatospleno- 

megaly, and lymphadenopathy. Accom¬ 

panying symptoms include skin rash 

(occurring in 26% of cases), severe mos¬ 

quito bite allergy (in 33%), hydroa vaccini- 

forme-like eruptions (in 10%), diarrhoea 

(in 6%), and uveitis (in 5%). Laboratory 

tests reveal pancytopenia and abnormal 

Fig. 14.23 Chronic active EBV infection in skin. A Skin biopsy shows a discrete lymphoid infiltrate without atypia in the dermis surrounding blood vessels, extending to the 

epidermis. B The lymphoid cells are positive for CDS. C The relatively discrete lymphoid infiltrate is positive for EBV as demonstrated by in situ hybridization for EBV-encoded 
small RNA (EBER). 
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Fig. 14.24 Chronic active EBV infection of probable NK-cell type in the intestine of a 4-year-old girl with recurrent bowel perforation and NK-cell lymphocytosis. A Colon resection 

with ulceration of the mucosa. B The submucosa shows granulation tissue and a subtle lymphoid infiltrate without atypia. C In situ hybridization for EBV-encoded small RNA 

(EBER) shows scattered positive cells. Inset: Double staining shows that the EBER+ cells (brown) are CD3-positlve (red). CD56 was positive in fewer cells (not shown). 

liver function. In most patients, EBV se¬ 

rology reveals high titres of IgG antibod¬ 

ies against EBV viral capsid antigen and 

early antigen. All patients have increased 

levels of EBV DNA (>10^'^ copies/mg) 

in the peripheral blood. The clinical 

course varies but is usually protracted, 

with some patients surviving for many 

years without disease progression. The 

severity of CAEBV is probably related 

to the immunological response of the 

individual and to the EBV viral load. The 

clinical course also varies depending on 

the predominant infected cell type in the 

peripheral blood {2024,2025}. Patients 

with T-cell CAEBV have a shorter survival 

time than patients with NK-cell disease. 

Patients with T-cell CAEBV often present 

with prominent systemic symptoms and 

high titres of EBV-specific antibodies and 

have rapid disease progression. In con¬ 

trast, patients with NK-cell disease, in ad¬ 

dition to mild systemic symptoms, often 

have severe mosquito bite allergy, rash, 

and high levels of IgE, and do nof always 

have elevated EBV-specific antibody 

titres. Life-threatening complications 

include haemophagocytic syndrome 

(which occurs in 24% of cases), coronary 

artery aneurism (in 9%), hepatic failure (in 

15%), interstitial pneumonia (in 5%), CNS 

involvement (in 7%), gastrointestinal per¬ 

foration (in 11%), and myocarditis (in 4%). 

Due to the variety of the clinical pres¬ 

entations, diagnosis is often delayed. 

Progression to NK/T-cell lymphoma or 

aggressive NK-cell leukaemia occurs in 

16% of cases {1676,2026,2028,2951}. 

Microscopy 
The infiltrating cells do not show changes 

suggestive of a neoplastic lymphopro- 

liferation. The liver shows sinusoidal 

and portal infiltration suggestive of vi¬ 

ral hepatitis. The spleen shows atrophy 

of the white pulp with congestion of the 

red pulp. The lymph nodes exhibit vari¬ 

able morphology, including paracortical 

and follicular hyperplasia, focal necrosis, 

and small epithelioid granulomas. Bone 

marrow biopsies usually appear normal. 

In cases complicated by haemophago¬ 

cytic syndrome, sinus histiocytosis with 

erythrophagocytosis is present {2026}. 

Immunophenotype 
The immunophenotype of the EBV-infect- 

ed cells varies; it includes T cells in 59% 

of cases, NK cells in 41%, and both T and 

NK cells in 4%. CAEBV of B-oell pheno¬ 

type is seen in only 2% of cases. Unlike 

the T cells in systemic EBV-positive T-cell 

lymphoma of childhood, the T cells in 

CAEBV are predominantly CD4-positive, 

and less often show a cytotoxic CD8-t- 

phenotype {780,2026}. EBV-encoded 

small RNA (EBER) is positive. 

Cell of origin 
The postulated cells of origin are CD4-I- 

T cells, NK cells, cytotoxic CD8-1- lympho¬ 

cytes, and (rarely) gamma delta T cells. 

Genetic profile 
Chromosomal aberrations are detected 

in a minority of cases {2026}. One se¬ 

ries reported monoclonally rearranged 

TR genes in 84% of cases, oligoclonally 

rearranged TR genes in 11%, and poly¬ 

clonal TR genes in only 5% of cases 

{2026}. However, this report includes 

cases of ‘severe CAEBV’, which might be 

Fig 14 25 Chronic active EBV infection in lymph node. A The lymph node shows follicular and paracortical hyperplasia. B At high magnification, the interfollicular areas show a 

polymorphic infiltrate lacking cytological atypia. C In situ hybridization for EBV-encoded small RNA (EBER) shows scattered positive cells. Inset; Double staining shows that the 

EBER+ cells (black) are CD4-positive (brown). 
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Fig. 14.26 Chronic active EBV infection of NK-ceil type in spieen. Haemophagocytic syndrome. A The spleen shows 

white pulp atrophy with congestion of the red pulp. B Higher magnification shows that the red pulp is congested with 

a subtle lymphoid infiltrate and numerous histiocytes, some with erythrophagocytosis. C In situ hybridization for 
EBV-encoded small RNA (EBER) shows scattered positive cells. D CD4 staining highlights the abundant histiocytes 

with erythrophagocytosis. Note that most of the lymphoid cells are CD4-negative. 

reclassified as systemic EBV+ T-cell lym¬ 

phoma using the current WHO system. 

Somatic mutation of the perforin gene has 

been reported in one case {1956}. 

Prognosis and predictive factors 
The prognosis is variable, with some cas¬ 

es following an indolent clinical course 

and others constituting rapidly progres¬ 

sive disease. Patient age >8 years at on¬ 

set of disease and liver dysfunction are 

risk faotors for mortality. Adult patients 

with CD4+ T-cell infection may have 

more-aggressive disease. The 5-year 

survival rates associated with cases of T- 

cell type and NK-cell type, respectively, 

are 59% and 87%. Monoclonality of the 

proliferating cells does not correlate with 

increased mortality and does not war¬ 

rant a diagnosis of lymphoma. Patients 

who undergo bone marrow transplanta¬ 

tion have a better prognosis {2024,2025, 

2026}. A specific classification of CAEBV 

based on cytology and clonality of the 

proliferating cells has been proposed 

{2951}. A1 cases are polymorphic and 

polyclonal; A2 cases are polymorphic 

and monoclonal; A3 cases are monomor- 

phic and monoclonal; and B cases are 

monomorphic and monoclonal but with a 

fulminant course. The A1-A3 categories 

are thought to represent a continuous 

spectrum of CAEBV from lymphoprolifer- 
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ative disorder (A1-A2) to overt lymphoma 

(A3), whereas the B category is equiva¬ 

lent to systemic EBV-positive T-cell lym¬ 

phoma of childhood. 

Hydroa vacciniforme-like 
lymphoproliferative disorder 

Definition 
Hydroa vacciniforme (HV)-like lym¬ 

phoproliferative disorder is a chronic 

EBV-positive lymphoproliferative disor¬ 

der of childhood, associated with a risk of 

developing systemic lymphoma. HV-like 

lymphoproliferative disorder is a primarily 

cutaneous disorder of polyclonal or (most 

often) monoclonal T cells or NK cells, with 

a broad spectrum of clinical aggressive¬ 

ness and usually a long clinical course. 

As the disease progresses, patients de¬ 

velop severe and extensive skin lesions 

and systemic symptoms including fever, 

hepatosplenomegaly, and lymphade- 

nopathy. Classic HV, severe HV, and HV- 

like T-cell lymphoma constitute a continu¬ 

ous spectrum of EBV-associated HV-like 

lymphoproliferative disorder. 

ICD-0 code 9725/1 

Synonyms and historical terminology 
In western countries, classic HV was orig¬ 

inally described as a benign photoder¬ 

matosis characterized by light-induced 

vesicles that evolve to crusts and leave 

varicelliform scars after healing. It was 

noted that systemic symptoms were not 

observed and that the disease usually 

remitted spontaneously in adolescence 

{1395,1498,3731}. Because these cases 

were rarely biopsied, their clonality and 

EBV status were not thoroughly inves¬ 

tigated. Subsequent studies in Asian 

populations showed that classic HV was 

an EBV-associated disorder {1806,1807}. 

A condition that clinically mimics classic 

HV was recognized in children and young 

adults who were mainly from Asia {1805} 

and Latin America {3456}. Patients with 

the condition present with marked fa¬ 

cial oedema, vesicles, crusts, and large 

ulcers, sometimes with severe scarring 

and disfigurement. Unlike in classic HV, 

the skin lesions are not limited to sun-ex¬ 

posed areas and are not associated with 

light hypersensitivity; sun protection does 

not prevent the development of HV-like 

eruption. Because later studies demon¬ 

strated that these lesions are also associ¬ 

ated with EBV infection {1807,2440} and 

often show monoclonal rearrangement of 

the TR genes {274}, the term HV-like lym¬ 

phoma was suggested and was included 

in the 2008 WHO classification. However, 

given the broad clinical spectrum of the 

disease and the lack of reliable morpho¬ 

logical or molecular criteria to predict its 

clinical behaviour (classic HV vs HV-like 

lymphoma), the term HV-like lymphopro- 

Fig. 14.27 Hydroa vacciniforme-like lymphoprolifera¬ 

tive disorder. Sun-exposed areas of the skin exhibit a 

papulovesicular eruption. Many of the lesions are ulcer¬ 
ated, with a haemorrhagic crust. 



Fig. 14.28 Hydroa vacciniforme-like lymphoproliferative disorder. A The infiltrate is concentrated in the superficial dermis, but often extends to the subcutaneous tissue. B Neo¬ 

plastic cells, which can be of T-cell or NK-cell lineage, are predominantly small, without marked atypia. C The lymphoid cells are positive for EBV, as demonstrated by in situ 

hybridization for EBV-encoded small RNA (EBER). 

liferative disorder has been proposed, to 

encompass the various manifestations of 

the EBV-associated HV-like skin lesions 

{3271), In the past, this disease has also 

been referred to as oedematous, scarring 

vasculitic panniculitis {3456}; angiocen- 

tric cutaneous T-cell lymphoma of child¬ 

hood (2440); hydroa-like cutaneous T-cell 

lymphoma {274); and severe HV {1806). 

Epidemiology 
This condition is seen mainly in children 

and adolescents from Asia {731,1805, 

1806,2883,4397), and in Native Ameri¬ 

cans from Central {1012} and South {274, 

3389,3512) America and Mexico {2439, 

3271). The median patient age at diag¬ 

nosis is 8 years (range: 1-15 years). The 

male-to-female ratio is slightly elevated 

(2.3:1), It is rare in adults {731,3512). 

Etiology 
The etiology is unknown. The geographi¬ 

cal and ethnic distribution indicate that, 

like in other EBV-positive T-cell and NK- 

cell lymphomas, genetic predisposition 

plays a major role. 

Localization 
This is a cutaneous condition that affects 

sun-exposed and non-exposed skin ar¬ 

eas. In the early phases, it affects mainly 

the face, dorsal surface of the hands, 

and earlobes; in advanced stages, it can 

be generalized {3271). 

Clinical features 
It is characterized by a papulovesicu¬ 

lar eruption that generally proceeds to 

ulceration and scarring. The severity 

of the skin lesions and the clinical pre¬ 

sentation varies between patients, with 

a broad spectrum. Some cases present 

with a very indolent course, with local¬ 

ized skin lesions in sun-exposed areas 

and no systemic symptoms (classic HV). 

Spontaneous remission and clearing af¬ 

ter photoprotection can occur, but most 

cases show a long clinical course, with 

remissions and recurrences that may fi¬ 

nally progress to more-severe disease 

{732). There is seasonal variation, with 

increased recurrences in spring and 

summer. In more-severe cases, in addi¬ 

tion to extensive skin lesions, systemic 

symptoms (including fever, wasting, lym- 

phadenopathy, and hepatosplenomeg- 

aly) may be present, in particular late in 

the course of the disease {1806,2026, 

3271,3512). Some patients develop se¬ 

vere mosquito bite allergy (1639,3271). 

A rare clinical presentation with primarily 

periorbital swelling has been reported in 

children from Bolivia (3206). 

Macroscopy 
In addition to prominent swelling of the 

face, lips, and eyelids, multiple vesiculo- 

papules with umbilication and crust are 

characteristic. 

Microscopy 
The characteristic histological feature 

of HV is epidermal reticular degenera¬ 

tion leading to intraepidermal spongiotic 

vesiculation. The lymphoid infiltrate pre¬ 

dominates in the dermis but may extend 

deep into the subcutaneous tissue. The 

infiltrate is mainly located around adnexa 

and blood vessels, often with angiode- 

structive features. The intensity of the 

infiltrate and atypia of the lymphocytes 

varies. The neoplastic cells are generally 

small to medium-sized, without significant 

atypia. In severe cases, the overlying epi¬ 

dermis is frequently ulcerated (3271). 

Immunophenotype 
The cells have a cytotoxic T-cell pheno¬ 

type, mostly CD8-positive, with few cas¬ 

es being CD4-positive. One third of the 

cases show an NK-cell phenotype, with 

expression of CD56 {1919,4484,2026, 

3271,3389). Clonal expansion of gamma 

delta T cells has been documented in the 

peripheral blood in most cases {1639, 

2026.4224) , but only in rare cases in the 

infiltrating lymphocytes in the skin {2439, 

3271.4224) . CCR4 is expressed in the 

gamma deltaTcells (1917). CD30 is often 

expressed in the infiltrating EBV-positive 

T cells. LMP1 is usually negative (3271). 

Postulated normal counterpart 
The postulated normal counterpart is a 

skin-homing cytotoxic T cell or NK cell. 

Gamma delta T cells have been hypoth¬ 

esized to play a central role in the forma¬ 

tion of HV-like eruptions (1972). 

Genetic profile 
Most cases have clonal rearrange¬ 

ments of the TR genes. Some cases of 

NK-cell derivation do not show TR gene 

rearrangement {2026,3271). In situ hy¬ 

bridization for EBV-encoded small RNA 

(EBER) is positive, but the number of pos¬ 

itive cells varies from case to case. EBV is 

monoclonal by terminal repeat analysis. 

Although LMP1 is negative by immuno- 

histochemistry, it can be detected in most 

cases by PCR in peripheral blood, indi¬ 

cating type II EBV latency (1804). 
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Prognosis and predictive factors 
The clinical course is variable, and pa¬ 

tients may have recurrent skin iesions for 

as iong as 10-15 years before progres¬ 

sion to systemic invoivement. With sys¬ 

temic spread, the clinical course is much 

more aggressive (1805). T-celi cionality, 

the amount of EBV-positive celis, and/or 

the density of the infiitrate do not predict 

which patients wiil eventuaily progress to 

systemic disease or develop a systemic 

lymphoma. No standard treatment has 

been established. The disease is resist¬ 

ant to conventional chemotherapy, and 

treated patients often die of infectious 

complications {274,3512}. In indolent 

cases, a conservative approach is rec¬ 

ommended, whereas haematopoietic 

stem cell transplantation has been intro¬ 

duced as a curative therapy in more ad¬ 

vanced cases {2026,3271}. 

Severe mosquito bite aiiergy 

Definition 
Severe mosquito bite allergy is an EBV- 

positive NK-cell lymphoproliferative dis¬ 

order characterized by high fever and 

intense local skin symptoms, including 

erythema, bullae, ulcers, skin necrosis, 

and deep scarring following mosquito 

bites. Patients have NK-cell lymphocy¬ 

tosis in the peripheral blood and an in¬ 

creased risk of developing haemophago- 

cytic syndrome and progressing into 

overt NK/T-cell lymphoma or aggressive 

NK-cell leukaemia in the longstanding 

clinical course. 

Synonym 
Hypersensitivity to mosquito bites 

Epidemiology 
Severe mosquito bite allergy is very 

uncommon. Most cases have been re¬ 

ported in Japan {1788,2025,2026,4016}, 

with a few cases from Taiwan, China 

{1158}; the Republic of Korea {730}; and 

Mexico {3024,3456}. The patient age 

at onset ranges from birth to 18 years 

(mean: 6.7 years) {4015). There is no sex 

predilection. 

Etiology 
The etiology is unknown. Genetic back¬ 

ground and environmental factors may 

play a role. Severe mosquito bite allergy 

is due to CD4-(- T-cell proliferation in re¬ 

sponse to mosquito salivary gland secre¬ 

tions and plays a key role in the reacti¬ 

vation of EBV in NK cells inducing the 

expression of LMP1 {161}. LMP1 expres¬ 

sion induces NK-cell proliferation and 

may be responsible for the development 

of aggressive NK-cell leukaemia {162, 

4072}. 

Localization 
This is primarily a cutaneous condition. 

Clinical features 
Severe mosquito bite allergy is charac¬ 

terized by local skin symptoms including 

erythema, bullae, ulcers, necrosis, and 

scarring. High fever and general malaise 

are common symptoms. Patients have a 

high level of serum IgE, a high EBV DNA 

load in the peripheral blood, and NK- 

cell lymphocytosis. Lymphadenopathy, 

hepatosplenomegaly, hepatic dysfunc¬ 

tion, haematuria, and proteinuria are 

occasionally seen in the clinical course. 

After recovering, patients are asympto¬ 

matic until the next mosquito bite. Com¬ 

mon oomplications are progression to 

Fig. 14.29 Severe mosquito bite allergy. The upper arm 

shows extreme oedema and erythema with necrosis 

and haemorrhagic crust after a mosquito bite. 

systemic chronic active EBV infection 

of NK-cell type, haemophagocytic syn- . 

drome, aggressive NK-cell leukaemia, 

and nasal-type extranodal NK/T-cell lym- I 

phoma {160,2025,2026}. I 

Microscopy j 
The skin biopsy at the bite site shows :| 

epidermal necrosis and ulceration or in- { 

traepidermal bullae. The dermis shows i 

oedema and a dense infiltrate extend- 

ing into the subcutaneous tissue. There - 

is angioinvasion and angiodestruction. } 

The infiltrate is polymorphic, with small 

lymphocytes, large atypical cells, his- i 

tiocytes, and abundant eosinophils. The { 

morphological characteristics are similar I 

to those of hydroa vaccinitorme-like lym- | 

phoproliferative disorder. } 

i 
Immunophenotype ' 
The infiltrating cells have an NK-cell phe- j 

notype, including positivity for CD3-epsi- j 

Ion and CD56, with expression of the cy- I 

totoxic molecules TIA1 and granzyme B. ,l: 

Reactive T ceils, both CD4-positive and | 

CD8-positive, are found at various inten- j 

sities. LMP1 is rarely positive. CD30 is | 

often positive in the EBV-infected cells. ;! 

Fig. 14.30 Severe mosquito bite allergy. A Skin biopsy with a subepidermal bulla with a dense infiltrate in the dermis, mainly surrounding blood vessels. B Higher magnification. 
The infiltrate is polymorphic but mainly composed of relatively large cells with bland nuclei, inconspicuous nucleoli, and abundant cytoplasm. 

1 
i 
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Fig. 14.31 Severe mosquito bite allergy. A CD56 is positive in a subset of the lymphoid cells. B The infiltrating lymphocytes are TIAI-positive. The infiltrate is composed of 

both NK and T cells. C The infiltrating lymphocytes are positive for EBV-encoded small RNA (EBER). The high density of EBER-positive cells raises concern for progression to 
lymphoma; clinical correlation is essential. 

Postulated normal counterpart 
Mature activated NK ceil 

Genetic profile 
NK cells are infected with monoclonal 

EBV as demonstrated by terminal repeat 

analysis, indicating clonal expansion of 

NK cells. Rarely, monoclonal TR gene 

rearrangement has been documented 

{2025). Chromosomal alterations are rare¬ 

ly identified (2026). In situ hybridization 

for EBV-encoded small RNA (EBER) is 

positive in a fraction of the NK cells, LMP1 

is detected by PCR in peripheral blood, 

indicating type II EBV latency {1804). 

Prognosis and predictive factors 
Patients usually have a long clinical 

course, with an increased risk of de¬ 

veloping haemophagocytic syndrome 

and aggressive NK-cell leukaemia after 

2-17 years (median: 12 years). Patients 

with chromosomal aberrations appear 

to have a higher risk of developing lym¬ 

phoma/leukaemia {2026,4015). 

Adult T-cell leukaemia/lymphoma Ohshima K 

Jaffe E.S. 

Yoshino T. 

Siebert R. 

Definition 
Adult T-cell leukaemia/lymphoma (ATLL) 

is a mature T-cell neoplasm most often 

composed of highly pleomorphic lym¬ 

phoid cells. The disease is usually widely 

disseminated and is caused by the hu¬ 

man retrovirus HTLV-1. Most ATLL pa¬ 

tients present with widespread lymph 

node involvement as well as involvement 

of peripheral blood. The histology shows 

remarkable pleomorphism, with several 

morphological variants having been de¬ 

scribed. The leukaemic cells often show 

a multilobed appearance of so-called 

flower cells. Neoplastic cells show mon¬ 

oclonal integration of HTLV-1 and ex¬ 

press T-cell-associated antigens (CD2, 

CDS, CD5), but usually lack CD7. Most 

cases are CD4-positive and CD8-nega- 

tive. ATLL most often occurs in regions 

endemic for HTLV-1, and the frequency 

is estimated to be 2,5% among HTLV-1 

carriers. ATLL occurs only in adults, with 

an average patient age of 58 years. The 

male-to-female ratio is 1.5:1. ATLL is a 

systemic disease, and the prognosis is 

poor (Fig. 14.45, p.367). 

ICD-0 code 9827/3 

Synonyms 
Adult T-cell lymphoma/leukaemia; 

adult T-cell leukaemia 

Epidemiology 
ATLL is endemic in several regions of the 

world, in particular south-western Japan, 

the Caribbean basin, and parts of central 

Africa. The distribution of the disease is 

closely linked to the prevalence of HTLV- 

1 in the population. 

The disease has a long latency, and af¬ 

fected individuals are usually exposed to 

the virus very early in life. The virus may 

be transmitted in breast milk, as well as 

through exposure to peripheral blood 

Table 14.02 Clinical spectrum of 

HTLV-1-associated diseases 

Neoplastic disorders 

Adult T-cell leukaemia/lymphoma 

Smouldering 

Chronic 

Acute 

Lymphomatous 

Non-neoplastic disorders {2521} 

- HTLV-1-associated myelopathy 

(tropical spastic paraparesis) 

- HTLV-1-associated infective dermatitis 

- Other HTLV-1 inflammatory disorders 

Uveitis 

Thyroiditis 

Pneumonitis 

Myositis 

and blood products. The cumulative in¬ 

cidence of ATLL is estimated to be 2.5% 

among HTLV-1 carriers in Japan {3869). 

Sporadic cases have been described. 
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Fig. 14.32 Adult T-cell leukaemia/lymphoma. Macroscopic findings of cutaneous lesions have been classified as 

A erythema, B papules, and C nodules. 

but the affected patients often derive from 

an endemic region of the world. ATLL oc¬ 

curs only in adults, and the patient age 

at onset ranges from the third to the ninth 

decade of life, with an average patient 

age of 58 years. The male-to-female ratio 

is 1.5:1 (4405). 

Etiology 
HTLV-1 is causally linked to ATLL, but 

HTLV-1 infection alone Is not sufficient to 

result in neoplastic transformation of in¬ 

fected cells. HTLV-1 enters cells mainly 

through cell-to-celi contact via three 

cellular molecules: heparan sulfate pro¬ 

teoglycan, neuropilin 1, and the glucose 

transporter GLUT1 {1352). Neuropilin 1 

appears to function as the viral receptor. 

The p40 tax viral protein leads to tran¬ 

scriptional activation of many genes in 

HTLV-1-infected lymphocytes (1241). In 

addition, the HTLV-1 basic leucine zipper 

12 3 4 

Fig. 14.33 Adult T-cell leukaemia/lymphoma. Southern 

blot analysis. Lanes 2-4 each display a single proviral 
HTLV-1 DNA band. The difference in band sizes (differ¬ 

ent cases) illustrates the difference in integration sites. 

factor (HBZ) is thought to be important 

for T-cell proliferation and oncogenesis 

(3532), However, additional genetic alter¬ 

nations acquired over time may result in 

the development of a malignancy. Hyper- 

methylation is associated with disease 

progression {3528). HTLV-1 can also indi¬ 

rectly cause other diseases (Table 14.02), 

such as HTLV-1-associated myelopathy / 

tropical spastic paraparesis {3880}. 

Localization 
Most patients present with widespread 

lymph node involvement and involvement 

of the peripheral blood. The number of 

circulating neoplastic cells does not cor¬ 

relate with the degree of bone marrow 

involvement. This suggests that circulat¬ 

ing cells are recruited from other organs, 

such as the skin, which is the most com¬ 

mon extralymphatic site of involvement 

(involved in >50% of cases). 

Fig. 14.34 Adult T-cell leukaemia/lymphoma. 

A radiograph shows extensive lytic bone lesions. 

The distribution of the disease is usually i 

systemic, involving the spleen and ex- | 

tranodal sites including the skin, lungs, 

liver, gastrointestinal tract, and CNS '( 

{499). There are epidemiological differ- | 

ences in the patterns of presentation. For f 

example, a leukaemic clinical presenta¬ 

tion is much less common in patients r 

from the Caribbean than in patients from i 

Japan {2287}. 

Clinical features 
Several clinical variants have been identi- i 

tied: acute, lymphomatous, chronic, and : 

smouldering (see Table 14.03) {3660). 

The acute variant is most common and 

is characterized by a leukaemic phase, 

often with a markedly elevated white 

blood cell (WBC) count, skin rash, and 

generalized lymphadenopathy. Hyper- 

calcaemia, with or without lytic bone 

lesions, is a common feature. Patients 

with acute ATLL have systemic disease 

accompanied by hepatosplenomegaly, 

constitutional symptoms, and elevated 

lactate dehydrogenase. Leukocytosis 

and eosinophilia are common. Many pa¬ 

tients have an associated T-cell immuno¬ 

deficiency, with frequent opportunistic 

infections such as Pneumocystis jirovecii 

pneumonia and strongyloidiasis. 

The lymphomatous variant is character¬ 

ized by prominent lymphadenopathy but 

without peripheral blood involvement. 

Most patients present with advanced- 

stage disease similar to the acute form, 

although hypercalcaemia is seen less 

often. 

Cutaneous lesions are common in both 

the acute and the lymphomatous forms 

Fig. 14.35 Adult T-cell leukaemia/lymphoma. 

Bone marrow infiltrate is sparse. Osteoclastic activity 
surrounding the bone trabeculae is prominent. 
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i of ATLL. They are clinically diverse and 

I include erythematous rashes, papules, 

1 and nodules. Larger nodules may show 

j ulceration, 

j The chronic variant is frequently asso¬ 

ciated with an exfoliative skin rash. An 

absolute lymphocytosis may be present, 

but atypical lymphocytes are not numer¬ 

ous in the peripheral blood, Hypercai- 

caemla Is absent. 

In the smouldering variant, the WBC count 

Is normal with >5% circulating neoplastic 

cells. ATLL cells are generally small, with 

a normal appearance. Patients frequently 

have skin or pulmonary lesions, but there 

Is no hypercalcaemla. Progression from 

the chronic or smouldering variant to the 

acute variant occurs in 25% of cases, 

usually after a long duration (3660), 

I Imaging 
In patients with hypercalcaemla, imag¬ 

ing studies may show lytic bone lesions. 

I FDG-PET/CT is usually positive in sites of 

disease activity {582). 

Macroscopy 
Macroscopic findings of the skin have 

been classified as erythema, papules, 

and nodules. Rare cases show tumour¬ 

like lesions or erythroderma as seen in 

Sezary syndrome. 

Microscopy 
ATLL is characterized by a broad spec¬ 

trum of cytological features {2950}. Sev¬ 

eral morphological variants have been 

described, reflecting this varied cytology 

and referred to as pleomorphic small, 

medium, and large cell types, anaplastic, 

and a rare form resembling angioimmu- 

j noblasfic T-cell lymphoma {2950}. The 

' use of these variants is optional but they 

call attention to the spectrum of morpho¬ 

logical appearances. 

Table 14.03 Diagnostic criteria for clinical subtypes of adult T-cell leukaemia/lymphoma. 

Modified, from Shimoyama M {3660} 

Clinical manifestation Smouldering Chronic Acute 

Lymphocytosis No Increased Increased 

Blood abnormal lymphocytes >5% Increased Increased 

Lactate dehydrogenase Normal Slightly increased Increased 

Calcium Normal Normal Variable 

Skin rash Erythema, papules Variable Variable 

Lymphadenopathy No Mild Variable 

Hepatosplenomegaly No Mild Variable 

Bone marrow infiltration No No Variable 

Some cases exhibit a leukaemic pattern 

of infiltration, with preservation or dilation 

of lymph node sinuses that contain malig¬ 

nant cells. The inflammatory background 

is usually sparse, although eosinophilla 

may be present. The neoplastic lymphoid 

cells are typically medium-sized to large, 

often with pronounced nuclear pleomor- 

phism. The nuclear chromatin is coarsely 

clumped with distinct, sometimes promi¬ 

nent, nucleoli. Blast-like cells with trans¬ 

formed nuclei and dispersed chromatin 

are present in variable proportions {3660}. 

Giant cells with convoluted or multilobed 

nuclear contours may be present. Rare 

cases may be composed predominantly 

of small lymphocytes, with irregular nu¬ 

clear contours. Cell size does not corre¬ 

late with the clinical course {1818}, with 

the exception of the chronic and smoul¬ 

dering forms, in which the lymphocytes 

have a more normal appearance. 

Lymph nodes in some patients in an 

early phase of adult T-ceil lymphoma/ 

leukaemia may exhibit a Hodgkin lym- 

phoma-like histology {2953}. The lymph 

nodes have expanded paracortical areas 

containing a diffuse infiltrate of small to 

medium-sized lymphocytes with mild nu¬ 

clear irregularities, indistinct nucleoli, and 

scant cytoplasm. EBV-positive B lympho¬ 

cytes with Hodgkin-like features are inter¬ 

spersed in this background. The expan¬ 

sion of EBV-positive B cells is thought to 

be secondary to the underlying immuno¬ 

deficiency seen in patients with ATLL. 

In the peripheral blood, the multilobed 

appearance of the neoplastic cells has 

led to the term 'flower cells’. These cells 

have deeply basophilic cytoplasm, most 

readily observed with Giemsa staining of 

air-dried smears. Marrow infiltrates are 

usually patchy, ranging from sparse to 

moderate. Osteoclastic activity may be 

prominent, even in the absence of bone 

marrow infiltration by neoplastic cells. 

Skin lesions are seen in >50% of patients 

with ATLL, Epidermal infiltration with 

Pautrier-like microabscesses is common 

{2950}. Dermal infiltration is mainly peri¬ 

vascular, but larger tumour nodules with 

extension to subcutaneous fat may be 

observed. 

Fig. 14.36 Adult T-cell leukaemia/lymphoma (ATLL). Peripheral blood films. A In the acute variant, the leukaemic 

cells are medium-sized to large lymphoid cells with irregular nuclei and basophilic cytoplasm. The characteristic ATLL 

cells have been described as ‘flower cells’, with many nuclear convolutions and lobes. B ATLL cells in the chronic 

variant are generally small, with slight nuclear abnormalities such as notching and indentations. 

Fig. 14.37 Adult T-cell leukaemia/lymphoma cells fre¬ 

quently express FOXP3. The coexpression of F0XP3 

and CD25 is characteristic of T regulatory (Treg) cells. 
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Fig. 14.38 Adult T-cell leukaemia/lymphoma (ATLL). A The pleomorphic (medium-sized and large cell) type shows a diffuse proliferation of atypical medium-sized to large lym¬ 

phoid cells with irregular nuclei, intermingled with cerebriform giant cells (centre), B The lymph nodes in the pleomorphic small-cell type show a diffuse proliferation of atypical 

medium-sized to small lymphoid cells. C The presence of pleomorphic tumour cells and background eosinophilia may simulate classic Hodgkin lymphoma. 

Fig. 14.39 Adult T-cell leukaemia/lymphoma (ATLL). A The lymph nodes in Hodgkin-like ATLL show Reed-Stern- 
berg-like giant cells of B-cell (not T-cell) lineage, which (B) react with CD30 antibody and are EBV-positive (not 

shown). 

Fig. 14.40 Adult T-cell leukaemia/lymphoma, 
smouldering variant. Diffuse exfoliative skin rash. 

Fig. 14.41 Adult T-cell leukaemia/lymphoma, 

smouldering variant. A sparse infiltrate in the skin is seen 
with minimal cytological atypia. 

Diffuse infiltration of many organs is in¬ 

dicative of the systemic nature of the dis¬ 

ease and of the presence of circulating 

malignant cells. 

Immunophenotype 
Tumour cells express T-cell-associated 

antigens (CD2, CDS, CDS), but usually 

lack CD7. Most cases are CD4-positive 

and CD8-negative, but a few are CD4- 

negative and CD8-positive or double¬ 

positive for CD4 and CD8. CD25 is 

strongly expressed in nearly all cases. 

The large transformed cells may be posi¬ 

tive for CD30, but are negative for ALK 

{3882} and cytotoxic molecules. Tumour 

cells frequently express the chemokine 

receptor CCR4. FOXP3, a feature of 

T regulatory (Treg) cells, is expressed in 

a subset of cases {1948,3398}, but often 

only in a subset of the neoplastic cells. 

Postulated normal counterpart 
The postulated normal counterpart is 

a peripheral CD4+ T cell. It has been 

hypothesized that the CD4-f, CD25-t-, 

FOXP3-f Treg cells are the closest nor¬ 

mal counterparts {1948}, which would be 

consistent with the disease’s character¬ 

istic association with immunodeficiency. 

Grading 
There is no formal grading system for 

ATLL. However, the four clinical vari¬ 

ants - acute (leukaemic), lymphomatous, 

chronic, and smouldering - vary in their 

clinical course and cytological atypia 

{3660}. In the chronic and smoulder¬ 

ing forms the neoplastic cells are small, 

and can have minimal cytological atypia. 

Pronounced cytological atypia is seen in 

the acute and lymphomatous forms. 

Genetic profile 
Antigen receptor genes 
TR genes are clonally rearranged {2952}, 

HTLV-I proviral DNA integration and clinical subtypes 

ATLL 

Fig. 14.42 Adult T-cell leukaemia/lymphoma (ATLL). HTLV-1 proviral DNA integration and clinical subtypes. 
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Fig. 14.43 Adult T-cell leukaemia/lymphoma. Fig. 14.44 Adult T-cell leukaemia/lymphoma. A In this case, the infiltrate consists of large cells with anaplastic tea- 

Neoplastic cells infiltrate the epidermis, producing tures. B The cells are strongly CD30-positive, raising the differential diagnosis of anaplastic large cell lymphoma. 
Pautrier-like microabscesses. 

Oncogenes and other molecular 
changes 
Neoplastic cells show monoclonal inte¬ 

gration of HTLV-1. No clonal integration 

is present in healthy carriers (4075). Tax, 

encoded by the HTLV-1 pX region, is a 

critical non-structural protein that plays 

a key role in leukaemogenesis and acti¬ 

vates a variety of cellular genes {3126}. 

Enhancement of cAMP response ele¬ 

ment-binding transcription factor (CREB) 

phosphorylation by Tax appears to play 

a role in leukaemogenesis (2022}. CREB 

is highly phosphorylated in a panel of 

HTLV-1-infected human T-cell lines, and 

Tax Is responsible for promoting elevated 

levels of CREB phosphorylation. Howev¬ 

er, Tax is not critical to sustained tumour 

cell growth and is inactivated in a high 

proportion of cases of ATLL {1957}. HBZ 
also appears to play a critical role in tu- 

morigenesis {4487}. HBZls the only gene 

that is consistently expressed in all ATLL 

cases; it modulates a variety of cellular 

signalling pathways that are related to 

cell growth, immune response, and T-cell 

differentiation, in whole-transcriptome 

sequencing, CCR4 mutations have been 

detected in one quarter of cases, and are 

associated with gain of function and in¬ 

creased PI3K signalling {2808}. 

A recent study ({1957}, reviewed in {4193}) 

provided an integrated genomic and tran- 

scriptomic analysis of >400 ATLL cases. 

The authors identified a single viral inte¬ 

gration site in most cases of ATLL, con¬ 

firming the clonal nature of the disease. 

Transcriptome analysis confirmed the 

critical role of HBZ, which is expressed 

at high levels in all cases. ATLL showed 

considerable genomic instability, with a 

high number of structural variations per 

case. A total of 50 genes were recurrently 

mutated. Among the most frequently mu¬ 

tated genes were PLCG1, PRKCB, VAV1, 
IRF4, FYN, CARDH, and STATS, some 

of which are involved in T-cell receptor 

signalling. This study also confirmed a 

high incidence of CCR4 mutations and 

identified mutations in CCR7 in some 

other cases. The additional mutations 

identified affect the NE-kappaB pathway 

and genes involved in T-cell signalling. 

Whole-genome sequencing identified in¬ 

tragenic deletions involving TP73, a hom- 

ologue of TP53. These deletions resulted 

in mutant p73, lacking the transactiva¬ 

tion domain (TAD). Recurrent splice-site 

mutations were found in GATA3, HNRN- 
PA2B1, and FAS. 
ATLL genomes demonstrated prominent 

CpG island DNA hypermethylation, lead¬ 

ing to transcriptome silencing of many 

genes, including genes encoding major 

histocompatibility complex (MHC) class I, 

death receptors, and immune check¬ 

points, providing a mechanism for im¬ 

mune escape of the tumour cells {1957}. 

Prognosis and predictive factors 
Clinical subtype, patient age, perfor¬ 

mance status, and serum calcium and 

lactate dehydrogenase levels are major 

prognostic factors {4410}. The survival 

time for the acute and lymphomatous 

variants ranges from 2 weeks to > 1 year. 

Death is often caused by infectious com¬ 

plications, including P. jlrovecii pneumo¬ 

nia, cryptococcai meningitis, disseminat¬ 

ed herpes zoster, and hypercalcaemia 

{3660}. The chronic and smouldering 

forms have a more protracted clinical 

course and better survival, but can pro¬ 

gress to an acute phase with an aggres¬ 

sive course in approximately 25% of 

patients {1961,2954}. 

OS according to the clinical subtypes. 

Smoldering 157 

Chronic 187 

L>inphoma 355 

Acute 895 

114 

121 

129 

261 

87 

80 
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49 

32 
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49 

33 

21 
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37 

24 

14 

26 

21 

15 
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Fig. 14.45 Adult T-cell leukaemia/lymphoma. Overall survival (OS) of 1665 patients diagnosed between 2000 and 

2009 in Japan. A total of 227 patients underwent allogeneic bone marrow transplantation; 25% of those patients had 

long survival. MST, median survival time. Data from Katsuya H et al. {1961}. 
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Extranodal NK/T-cell lymphoma, 
nasal type 

Chan J.K.C. 
Quintanilla-Martinez L. 

Ferry J.A. 

Definition 
Extranodal NK/T-cell lymphoma, nasal 

type, Is a predominantly extranodal lym¬ 

phoma of NK-cell or T-cell lineage, char¬ 

acterized by vascular damage and de¬ 

struction, prominent necrosis, cytotoxic 

phenotype, and association with EBV. 

It is designated an NK/T-cell lymphoma 

because although most cases appear 

to be genuine NK-cell neoplasms, some 

cases are of cytotoxic T-cell lineage. 

ICD-Ocode 9719/3 

Synonyms 
Angiocentric T-cell lymphoma (obsolete); 

malignant reticulosis, NOS (obsolete); 

malignant midline reticulosis (obsolete); 

polymorphic reticulosis (obsolete); lethal 

midline granuloma (obsolete); 

T/NK-cell lymphoma 

Epidemiology 
Extranodal NK/T-cell lymphoma is more 

prevalent in Asians and the indigenous 

populations of Mexico, Central and South 

America {187,640,2232,3266,3949). It 

occurs most often in adults, with a report¬ 

ed median patient age of 44-54 years 

(189,647,704,1484,1858,2305,3062, 

3210), It is more common in males than 

in females. 

Etiology 
The very strong association with EBV, 

irrespective of the ethnic origin of the 

patients, suggests a pathogenic role of 

the virus {133,647,649,1091,1916,3266, 

4133). EBV is present in a clonal episo- 

Fig. 14.47 Extranodal NK/T-cell lymphoma of the skin. 

The lymphomatous infiltrate involves the epidermis, 

dermis, and subcutaneous tissue. Necrosis is prominent 
in the dermal component. 

mal form {133,649,1091,1646,1916,2607, 

3266,3842,4133) with type II latency 

(EBNA1+, EBNA2-, LMP1+), and com¬ 

monly shows a 30 bp deletion in the LMP1 
gene (708,1000,1091,2139,3868). Most 

studies show that the EBV is almost al¬ 

ways of subtype A (275,1091,1484,3120, 

3842,4023). The disease activity can be 

monitored by measuring circulating EBV 

DNA; a high titre is correlated with ex¬ 

tensive disease, unfavourable response 

to therapy, and poor survival (188,4257). 

Extranodal NK/T-cell lymphomas can 

occur in the setting of immunosuppres- 

Fig. 14.48 Extranodal NK/T-cell lymphoma of the skin, 
intravascular variant. Neoplastic cells are confined to 

vascular spaces. Note the uninvolved hair follicle and 

glandular structures. 

Sion, including following transplantation 
(1702,2156). 

Localization 
Extranodal NK/T-cell lymphoma almost 

always has an extranodal presentation. 

The upper aerodigestive tract (nasal cav¬ 

ity, nasopharynx, paranasal sinuses, and 

palate) is most commonly involved, with 

the nasal cavity being the prototypical site 

of involvement. Preferential sites of extra¬ 

nasal involvement include the skin, soft 

tissue, gastrointestinal tract, and testes. 

Some cases may be accompanied by 

secondary lymph node involvement (640, 

647,1996,2154,3154,4023). Rare cases 

with features of intravascular lymphoma 

have been reported, involving sites such 

as the skin and CNS (2138,2372,2810, 

4385). 

Primary EBV-positive nodal T-cell or NK- 

cell lymphomas have been reported (178, 

718, 1901). These usually have a mono- 

morphlc pattern of infiltration and lack 

the anglodestruction and necrosis seen 

in extranodal NK/T-cell lymphoma. They 

are more common in elderly patients, or 
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Fig. 14.49 Extranodal NK/T-cell lymphoma, nasal type. A Prominent ulceration and necrosis in the nasal mucosa. B The nasal mucosa is diffusely Infiltrated and expanded by 

an abnormal lymphoid infiltrate. The mucosal glands commonly show a peculiar clear-cell change. C,D Nasal-type NK/T-cell lymphoma in the testis. There is a diffuse dense 

lymphoid infiltrate, with prominent coagulative necrosis (C). The neoplastic cells appear monotonous and are medium-sized (D). 

in the setting of immune deficiency. They 

are considered a variant of peripheral 

T-cell lymphoma, NOS, and seem dis¬ 

tinct from cases with primary extranodal 

presentations. 

Clinical features 
Patients with nasal involvement present 

with symptoms of nasal obstruction or 

epistaxis due to the presence of a mass 

lesion, or with extensive destructive mid¬ 

facial lesions (lethal midline granuloma). 

The lymphoma can extend to adjacent 

tissues, such as the nasopharynx, para¬ 

nasal sinuses, orbits, oral cavity, palate, 

and oropharynx. The disease is often lo¬ 

calized to the upper aerodigestive tract at 

presentation, and bone marrow involve¬ 

ment is uncommon {4356}. The disease 

may disseminate to various sites (e.g. the 

skin, gastrointestinal tract, testes, and 

cervical lymph nodes) during the clinical 

course. Some cases may be complicat¬ 

ed by haemophagocytic syndrome (704, 

2154}. 

Extranodal NK/T-cell lymphomas occur¬ 

ring outside of the upper aerodigestive 

tract (often referred to as extranasal NK/ 

T-cell lymphomas) have variable presen¬ 

tations, depending on the major site of 

involvement. Skin lesions are commonly 

nodular, often with ulceration. Intestinal 

lesions often manifest as perforation or 

gastrointestinal bleeding. Other involved 

sites present as mass lesions. The pa¬ 

tients commonly have high stage disease 

at presentation, with involvement of multi¬ 

ple extranodal sites. Systemic symptoms 

such as fever, malaise, and weight loss 

can be present {647,1996,4357}. Lymph 

nodes can be involved as part of dissem¬ 

inated disease. Marrow and peripheral 

blood involvement can occur, and such 

cases may overlap with aggressive NK- 

cell leukaemia. 

Microscopy 
The histological features of extranodal 

NK/T-cell lymphoma are similar irrespec¬ 

tive of the site of involvement. Mucosal 

sites often show extensive ulceration. 

The lymphomatous infiltrate is diffuse 

and permeative. Mucosal glands often 

Fig. 14.50 Extranodal NK/T-cell lymphoma, nasal type. A The lymphomatous Infiltrate shows infiltration and destruc¬ 

tion of an artery. B In this case involving the skin, the lymphomatous infiltrate has an angiocentric angiodestructive 

quality. 
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Fig.14.51 Extranodal NK/T-cell lymphoma, nasal type. 

Touch preparation of a nasal tumour (Giemsa stain). 

Azurophilic granules are evident in the pale cytoplasm 
of the lymphoma cells. 

Fig. 14.52 Extranodal NK/T-cell lymphoma, nasal type: the cytological spectrum. A This nasal tumour is composed 
predominantly of small cells with irregular nuclei. B Medium-sized cells with pale cytoplasm. C Large cells. D Nasal- 

type extranodal NK/T-cell lymphoma of skin, with pleomorphic large cells admixed with smaller cells. 

become widely spaced or are lost. An an- 

giocentric and angiodestructive growth 

pattern is frequently present, and fibri¬ 

noid changes can be seen in the blood 

vessels even in the absence of angioinva- 

sion. Coagulative necrosis and admixed 

apoptotic bodies are common findings. 

These have been attributed to vascular 

occlusion by lymphoma cells, but other 

factors (e.g. chemokines and cytokines) 

have also been implicated (3943). 

The cytological spectrum is very broad. 

Cells may be small, medium-sized, large, 

or anaplastic. In most cases, the lympho¬ 

ma is composed of medium-sized cells 

or a mixture of small and large cells. The 

ceils often have irregularly folded nuclei, 

which can be elongated. The chromatin 

is granular, except in the very large cells, 

which may have vesicular nuclei. Nucle¬ 

oli are generally inconspicuous or small. 

The cytoplasm is moderate in amount 

and often pale to clear. Mitotic figures 

are easily found, even in small cell-pre¬ 

dominant lesions. On Giemsa-stained 

touch preparations, azurophilic granules 

are commonly detected. Ultrastructurally, 

electron-dense membrane-bound gran¬ 

ules are present. 

Extranodal NK/T-cell lymphomas, par¬ 

ticularly those in which small-cell or 

mixed-cell populations predominate, 

and those accompanied by a heavy ad¬ 

mixture of inflammatory cells (small lym¬ 

phocytes, plasma cells, histiocytes, and 

eosinophils), may mimic an inflammatory 

process {640,1591}. The lymphoma can 

sometimes be accompanied by florid 

pseudoepitheliomatous hyperplasia of 
the overlying epithelium {2355}, 

Immunophenotype 
The most typical immunophenotype 

of extranodal NK/T-cell lymphoma is; 

CD2+, CD5-, CD56-I-, surface CD3- (as 

demonstrated on fresh or frozen tissue), 

and cCD3-epsilon-i- (as demonstrated on 

fresh, frozen, or fixed tissues) {640,648, 

1814,1819,3266,4069}, CD56, although a 

highly useful marker for NK cells, is not 

specific for extranodal NK/T-cell lym¬ 

phoma, and can be expressed in some 

peripheral T-cell lymphomas. CD43 and 

CD45RO are often positive, and CD7 is 

variably expressed. Other T-cell-associ- 

ated and NK-cell-associated antigens, 

including CD4, CDS, CD16, and CD57, 

are usually negative. The subset of cases 

of cytotoxic T-cell lineage may express 

CD5, CDS, and T-cell receptor (gamma 

delta or alpha beta) {1858,3210,4407}, 

Cytotoxic molecules (e.g. granzyme B, 

TIA1, and perforin) are positive {1091}. 

HLA-DR, CD25, FAS (also known as 

CD95), and FASL are commonly ex¬ 

pressed {2858,2955}. CD30 is positive 

in about 30% of cases {189,1484,2021, 

2139,2305}. Nuclear expression of mega¬ 

karyocyte-associated tyrosine kinase 

(MATK) is common {3210,3890}. 

Lymphomas that demonstrate a CD3- 

epsilon-f, CD56- immunophenotype are 

also classified as extranodal NK/T-cell 

lymphomas if both cytotoxic molecules 

Fig. 14.53 Extranodal NK/T-cell lymphoma, nasal type. A This example is difficult to diagnose because the neo¬ 

plastic cells are practically Indistinguishable from normal small lymphocytes. There are many admixed plasma 

cells. B The presence of large numbers of cells staining for CD56 supports a diagnosis of lymphoma. 
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and EBV are positive, because these 

cases show a similar clinical disease 

as cases with CD56 expression {2859}. 

On the other hand, nasal or other ex- 

tranodal lymphomas that are CD3+ and 

CD56~ but negative for EBV and cyto¬ 

toxic molecules should be diagnosed as 

peripheral T-cell lymphoma, NOS. 

The diagnosis of extranodal NK/T-oell 

lymphoma should be considered with 

scepticism if EBV is negative (518,649, 

1091,2139,2859,3850,3868}. On the 

other hand, EBV can occasionally occur 

in other T-cell lymphoma types, so EBV 

positivity does not always equate with a 

diagnosis of extranodal NK/T-cell lym¬ 

phoma {3850}. In situ hybridization for 

EBV-encoded small RNA (EBER) is the 

most reliable way to demonstrate the 

presence of EBV, with virtually all lympho¬ 

ma cells being labelled. Immunostaining 

for EBV LMP1 is often negative, consist¬ 

ency with EBV latency type 1. 

Postulated normal counterpart 
Activated NK cells and (less commonly) 

cytotoxic T cells 

Grading 
The prognostic importance of cytological 

grade is controversial; some studies sug¬ 

gest that tumours composed predomi¬ 

nantly of small cells are less aggressive, 

but other studies have not shown this 

feature to be of significance on multivari¬ 

ate analysis {275,704,1645,2139,2305, 

3210}. The International Peripheral T-cell 

Lymphoma Project reports that the pres¬ 

ence of >40% transformed cells predicts 

worse overall survival in nasal (but not 

extranasal) cases (189). 

Genetic profile 
Antigen receptor genes 
TR and IG genes are in germline configu¬ 

ration in most cases. Clonal TR gene re¬ 

arrangements are reported in 10-40% of 

cases, presumably the cases of cytotoxic 

T lymphocyte derivation {189,1858,2058, 

2305,2859,3210,3868). 

Gene expression profiling 
The gene expression profiles of all ex¬ 

tranodal NK/T-cell lymphomas cluster to¬ 

gether, irrespective of NK-cell or gamma 

delta T-cell lineage (1728,1773). Non- 

hepatosplenic gamma delta T-cell lym¬ 

phomas show very similar gene expres¬ 

sion profiles. 

Fig. 14.54 Extranodal NK/T-cell lymphoma, nasal type. The neoplastic cells show strong staining for cCD3-epsilon 

(A) and CD56 (B). C The neoplastic cells show strong granular staining for granzyme B. D In situ hybridization for 

EBV-encoded small RNA (EBER). In this nasal tumour, virtually all the neoplastic cells show nuclear labelling. 

Cytogenetic abnormalities and 
oncogenes 
A variety of cytogenetic aberrations have 

been reported, but so far no specific 

chromosomal translocations have been 

identified. The commonest cytogenetic 

abnormality is del(6)(q21q25) or i(6)(p10), 

but it is unclear whether this is a primary 

or progression-associated event (3688, 

3689,4002,4359). Comparative genomic 

hybridization studies show that the com¬ 

monest aberrations are gain of 2q and 

loss of 1p36.23-36.33, 6q16.1-27, 4q12, 

5q34-35.3, 7q21.3-22.1, 11q22.3-23.3, 

and 15q11.2-14 (2817). 

Recurrent mutations, deletions, and hy- 

permethylation have been found in the 

genes encoding RNA helicase DDX3X, 
members of the JAK/STAT signalling 

pathway {STAT3, STAT5B, JAK3, and 

PTPRK) and other signalling pathways 

{KIT and CTNNB1), tumour suppres¬ 

sors {TP53, MG A, PR DM1, ATG5, AIM1, 
FOX03, and HACE1), oncogenes (the 

RAS family of genes and MYC), epige¬ 

netic modifiers {KMT2D/MLL2, ARID1A, 
EP300, and ASXL3), cell-cycle regula¬ 

tors {CDKN2A, CDKN2B, and CDKN1A), 
and apoptosis regulators {FAS) (429,686, 

1678,1727,1859,1946,2027,2083,2158, 

2159,2160,3062,3268). 

Prognosis and predictive factors 
The prognosis of nasal NK/T-celi lym¬ 

phoma is variable, with some patients 

responding well to therapy and others 

dying of disseminated disease despite 

aggressive therapy. Historically, the 

survival rate has been poor (30-40%), 

but the survival has improved in recent 

years with more intensive therapy includ¬ 

ing upfront radiotherapy (275,704,705, 

719,841,2058,2154,2317). Significant 

unfavourable prognostic factors include 

advanced-stage disease (stage III or IV), 

unfavourable International Prognostic In¬ 

dex (IPI), invasion of bone or skin, high 

circulating EBV DNA levels, presence of 

EBV-positive cells in bone marrow, and 

a high Ki-67 proliferation index (>40- 

65%) (189,705,719,1724,1860,2018,2251, 

2859,3210). 

Extranasal NK/T-cell lymphoma is highly 

aggressive, with short survival and poor 

response to therapy (189,640,647,1858, 

3210). However, rare cases of primary 

cutaneous NK/T-cell lymphoma may pur¬ 

sue a protracted clinical course (655,740, 

1791). 
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Intestinal T-cell lymphoma 

Introduction 
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Ott G. 

Chan J.K.C 

Bhagat G. 

Tan S.Y. 
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Recent data have led to changes in the 

categorization of intestinal T-cell lympho¬ 

mas. It has become apparent that the two 

subtypes formerly designated as variants 

of enteropathy-associated T-cell lympho¬ 

ma (EATL) are distinct {178,3850}. Type I 

EATL, now simply designated as EATL, is 

closely linked to coeliac disease, and is 

primarily a disease of individuals of north¬ 

ern European origin. Type II EATL, now 

formally designated as monomorphic 

epitheliotropic intestinal T-cell lympho¬ 

ma (MEITL), shows no association with 

coeliac disease, and appears relatively 

increased in incidence in Asian and His¬ 

panic populations, EATL generally has a 

polymorphic cellular composition and 

wide range in cytology, whereas MEITL is 

monomorphic, is usually positive for CDS 

and CD56, and expresses megakaryo¬ 

cyte-associated tyrosine kinase (MATK). 

Gains in chromosome 8q24 involving 

MYC are seen in a high proportion of cas¬ 

es of MEITL but not EATL, Many cases 

of MEITL are derived from gamma delta 

T cells, but exceptions exist; some cases 

are T-cell receptor-silent and some cases 

express the alpha beta T-cell receptor. 

Likewise, most cases of EATL express the 

alpha beta T-cell receptor, but gamma 

delta variants exist. Mutations in STAT5B 
and SETD2 have been associated with 

gamma delta MEITL, but investigations of 

classic EATL or alpha beta cases are lim¬ 

ited |2160,2869A}. Both forms of intestinal 

T-cell lymphoma are clinically aggressive 

and almost always occur in adults. They 

are negative for EBV, which is strongly 

associated with nasal-type extranodal 

NK/T-cell lymphoma; this disease can 

present with intestinal disease {3210}. 

There remains a small group of intestinal 

T-cell lymphomas that do not meet the 

criteria for EATL or MEITL as currently de¬ 

fined {178}. These should be designated 

as intestinal T-cell lymphoma, NOS. They 

Table 14.04 Comparison of enteropathy-associated T-cell lymphoma (EATL) and monomorphic epitheliotropic 

intestinal T-cell lymphoma (MEITL) 

Feature EATL MEITL 

Ethnicity (excess incidence) Northern European Asian, Hispanic 

Risk factors Coeliac disease, HLA-DQ2/DQ8 None recognized 

Morphology Polymorphic Monomorphic 

Usual immunophenotype CD3+, CD5-, CD4-, CD8-, CD56-, 

CD103+, CD30+/-, cytotoxic + 

CD3+, CD5-, CD4-, CD8+, CD56+, 

CD103+/-, CD30-, cytotoxic + 

T-cell receptor expression Alpha beta > gamma delta Gamma delta > alpha beta 

Localization Small intestine Small intestine 

are clinically aggressive, usually have a 

cytotoxic phenotype, and may present 

in either the small or large bowel. Such 

cases often manifest other extra-nodal 

sites of disease, so it may be difficult to 

confirm the intestine as the primary site. 

They generally lack the epitheliotropism 

seen in EATL and MEITL, 

A new provisional entity is also included 

within the broad group of intestinal T-cell 

neoplasms. IndolentT-cell lymphoprolifer- 

ative disorder of the gastrointestinal tract 

is a clonal T-cell disorder that can involve 

multiple sites in the gastrointestinal tract, 

but is most common in the small bowel 

{3145}, In this condition, the mucosa is 

infiltrated by a monotonous population 

of small mature-appearing lymphocytes. 

Most cases express CD8, with fewer cas¬ 

es reported positive for CD4 {2506}. The 

clinical course is indolent, although rare 

cases progressing to more aggressive 

disease have been described. 

Enteropathy-associated 
T-cell lymphoma 

Bhagat G, Chan J.K.C. 

Jaffe E.S. Tan S.Y. 

Chott A. Stein H, 

OttG. Isaacson RG. 

Definition 
Enteropathy-associated T-cell lympho¬ 

ma (EATL), previously designated type I 

EATL, is a neoplasm of intraepithelial 

T cells that occurs in individuals with 

coeliac disease and exhibits varying de¬ 

grees of cellular pleomorphism. It com¬ 

monly presents as a tumour composed 

of medium-sized to large lymphocytes, 

often accompanied by a component of 

chronic inflammatory cells. The adjacent 

small intestinal mucosa shows villous at¬ 

rophy, crypt hyperplasia, and increased 

intraepithelial lymphocytes. Lymphomas 

composed of monomorphic medium¬ 

sized cells (formerly called type II EATL) 

are now considered to constitute a dis¬ 

tinct entity (monomorphic epitheliotropic 

intestinal T-cell lymphoma). 

ICD-Ocode 9717/3 

Synonyms 
Enteropathy-type intestinal T-cell lym¬ 

phoma; classic enteropathy-associated 

T-cell lymphoma; malignant histiocytosis 

of the intestine (obsolete) 

Epidemiology 
EATL is the most common subtype of 

primary intestinal T-cell lymphoma in 

western countries, accounting for almost 

two thirds of all cases {932}. It is uncom¬ 

mon in many Asian countries due to the 

low population frequency of coeliac HLA 

risk alleles. EATL characteristically oc¬ 

curs in the sixth and seventh decades 

of life and shows a slight male predomi¬ 

nance, with a male-to-female ratio of 

1.04-2.8:1 {932,1276,2456,3675,4177}. It 

is seen with greater frequency in areas 

with a high prevalence of coeliac dis¬ 

ease, such as Europe (0.05-0,14 cases 

per 100 000 population) {583,3675, 
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4177) and the USA (0.016 cases per 
100 000 population) {3637}, 
The incidence of EATL in the coeliac 
population is 0.22-1,9 cases per 
100 000 population {171,814,823,1295). 

Etiology 
EATL is a recognized complication of 
coeliac disease or gluten-sensitive enter¬ 
opathy {1437,2913,3857}, The associa¬ 
tion of EATL with coeliac disease is borne 
out by the detection of anti-endomysial 
(or anti-tissue transglutaminase 2) an¬ 
tibodies, the presence of HLA-DQ2 or 
HLA-DQ8 alleles, clinical findings such 
as dermatitis herpetiformis, and demon¬ 
stration of gluten sensitivity in EATL pa¬ 
tients, and a protective effect of gluten- 
free diet on EATL development {171,814, 
1438,1672,1708,2913,3676). 
Coeliac disease may be diagnosed 
prior to (20-73%) or concomitant with 
(10-58%) EATL, and occasionally only at 
autopsy, because some individuals might 
have lifelong so-called ‘silent’ gluten sen¬ 
sitivity {876,1276,2456,2899,3675), Risk 
factors for EATL include homozygosity 
for the HLA-DQ2 allele {49} and ad¬ 
vanced age {2456}. 

Localization 
The small intestine is involved in >90% of 
EATLs, most commonly the jejunum and 
ileum {932,1276,2456,3675), and multifo¬ 
cal lesions are observed in 32-54% of 
cases {1276,2456}, Other common gas¬ 
trointestinal sites include the large intes¬ 
tine and stomach {932). EATL might oc- 

Fig. 14.56 Enteropathy-associated T-cell lymphoma. 
Only rare large neoplastic lymphocytes are present 
within the epithelium. 

Fig. 14.55 Enteropathy-associated T-cell lymphoma. 
Jejunum showing circumferentially oriented ulcers. 

caslonally present at extragastrointestinal 
sites (e.g. the skin, lymph nodes, spleen, 
or CNS) {932,1389,2456,4080}, usually 
in cases evolving from type 2 refractory 
coeliac disease {2454,2456,4186), 

Clinical features 
EATL most commonly presents with 
abdominal pain (65-100%) and gluten- 
insensitive malabsorption or diarrhoea 
(40-70%) in individuals without prior 
symptoms, or recurrence of symptoms 
in those with a history of adult-onset (or 
occasionally childhood-onset) coeliac 
disease and prior response to a gluten- 
free diet {599,876,932,1081,1276,2456, 
2899.3675) . Other presentations include 
weight loss (50-80%), anorexia, fatigue 
or early satiety and nausea or vomit¬ 
ing due to intestinal obstruction, and 
(not infrequently) intestinal perforation 
(25-50%) or haemorrhage {599,876,932, 
1081.1276.2456.2899.3675) . 
B symptoms, besides weight loss, are 

present in less than one third of patients 
{876,1276,2899}. The duration of symp¬ 
toms prior to diagnosis varies widely 
{1276}, but Is <3 months in most cases 
{3675), Elevated lactate dehydrogenase 
levels are observed in 25-62%, low se¬ 
rum albumin in 76-88%, and low haemo¬ 
globin in 54-91% of patients {932,1276, 
2456,3675). In a proportion, there is a 
prodromal period of refractory coeliac 
disease, which is sometimes accompa¬ 
nied by intestinal ulceration (ulcerative 
jejunitis) {169,223}. A haemophagocytic 
syndrome occurs in 16-40% of patients 
{90,2456), 

Imaging 
Endoscopy is used to visualize sites of 
EATL involvement within the gastroin¬ 
testinal tract. Double balloon enteros¬ 
copy and wireless capsule endoscopy 
are useful when ulceration, strictures, or 
large masses are present. 
CT is the standard imaging modality for 
staging EATL. EDG-PET and MRI entero- 
clysis are useful in screening for the de¬ 
velopment of EATL in patients with refrac¬ 
tory coeliac disease and for assessment 
of treatment response {1507,1660,4144}. 

Spread 
Common sites of disease dissemination 
include the intra-abdominal lymph nodes 
(affected in 35% of cases), bone marrow 
(in 3-18%), lungs or mediastinal lymph 
nodes (in 5-16%), liver (in 2-8%), and skin 
(in 5%) {932,2456,3675). The CNS may 
be involved in occasional cases {352). 

Fig. 14.57 Enteropathy-associated T-cell lymphoma. The overlying mucosa is ulcerated and the infiltrate invades 
the muscularis propria. 
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Fig. 14.58 Enteropathy-associated T-cell lymphoma. A Tumour cells are characterized by moderate amounts of eosinophilic cytoplasm and round or angulated nuclei with 

prominent nucleoli. B Anaplastic variant. C There is a heavy infiltrate of eosinophils between the tumour cells. 

Staging 
The Ann Arbor staging system, with or 

without the modification proposed by Ro- 

hatiner et al. (3394), is frequently used for 

staging EATL. High stage disease is de¬ 

tected in 43-90% of patients at diagnosis 

(932,1276,2456,3675). 

Macroscopy 
The tumour may form ulcerating nodules, 

plaques, strictures, or (less commonly) 

a large exophytic mass. The uninvolved 

mucosa can be thin and can show loss 

of mucosal folds. The mesentery and 

mesenteric lymph nodes are commonly 

involved. Occasionally, lymph node in¬ 

filtration by EATL occurs in the absence 

of macroscopic evidence of intestinal 

disease. 

Microscopy 
The neoplastic lymphocytes exhibit a 

wide range of cytological appearances 

(2456,4370). Most lymphomas show 

pleomorphic medium-sized to large cells 

with round or angulated vesicular nu¬ 

clei, prominent nucleoli, and moderate 

to abundant pale-staining cytoplasm. As 

many as 40% of cases exhibit predomi¬ 

nant large cell or anaplastic cytomor- 

phology (2456). Angiocentricity and an- 

gioinvasion, as well as extensive areas of 

necrosis, are frequently observed. Most 

tumours have an admixture of inflam¬ 

matory cells, including large numbers of 

histiocytes and eosinophils, which may 

obscure the relatively small number of 

neoplastic cells in some cases. Intra¬ 

epithelial spread of tumour cells may be 

striking, but sometimes only single scat¬ 

tered atypical lymphocytes are observed 

in the epithelium. The intestinal mucosa 

* 

Fig. 14.59 Adjacent uninvolved mucosa in enteropathy-associated T-cell lymphoma. Increased numbers of intraepithelial lymphocytes (A) are CD3-positive (B), CD8-negative 
(C), and CD56-negative (D). 
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Fig. 14.60 Refractory coeliac disease. Small intestinal mucosa immunostained sequentially for CD3 (alkaline phos¬ 

phatase, blue) and CDS (peroxidase, brown). Most intraepithelial lymphocytes are CD3+, CDS-. 

adjacent to EATL, especially in the jeju- 

I num, usually shows features of coeliac 

I disease, i.e. villous atrophy, crypt hyper¬ 

plasia, intraepithelial lymphocytosis, and 

I increased lymphocytes and plasma cells 

' within the lamina propria (746,747). How¬ 

ever, these alterations are highly variable. 

Sometimes only an increase in intraepi¬ 

thelial lymphocytes is noted, and occa¬ 

sionally the jejunum appears near-normal 

' (223). 

The mesenteric lymph nodes can show 

intrasinusoidal and/or paracortical infil¬ 

tration by EATL. However, some cases 

display various degrees of necrosis in 

■ the absence of morphologically rec¬ 

ognizable lymphoma. Abdominal (and 

extra-abdominal) lymph nodes may also 

' show a spectrum of degenerative chang¬ 

es, including dissolution of the node and 

j replacement with lymph fluid (so-called 

lymph node cavitation) (1706,2573), 

Immunophenotype 
The neoplastic lymphocytes are usu¬ 

ally CD3-f, CD5-, CD7-t-, CD4-, CD8-, 

■ and CD103-I-, and they express cytotoxic 

. granule-associated proteins (e.g. TIA1, 

granzyme B, and perforin). However, 

variability in the immunophenotype is 

observed. CDS may be expressed by 

■ 19-30% of cases, overall (746,2456, 

2794), with a higher frequency (50%) 

reported in patients without a history of 

refractory coeliac disease, type II (2456). 

In a minority of cases, the lymphoma 

cells express cytoplasmic T-cell recep¬ 

tor (TCR) beta (746,2794) or TCR gam- 

I ma (178,644) chains, or rarely both. The 

1 frequency of CD30 expression varies in 

. the different cytomorphological variants, 

but almost all EATLs manifesting large 

cell morphology are CD30-I- (2456). The 

immunophenotype of the intraepithelial 

■' lymphocytes in uninvolved areas may 

be normal in de novo EATLs, but in most 

cases preceded by type 2 refractory 

i coeliac disease, the intraepithelial lym- 

; phocytes exhibit an aberrant phenotype 

! similar to that of the EATL. 

j 
Postulated normal counterpart 
Small intestinal intraepithelial T cells 

have been postulated to be the normal 

I counterparts of EATL cells, on the basis 

of shared immunophenotypic features 

(2456,3748). Most EATL cells correspond 

to conventional intraepithelial T cells 

(type A), expressing the CD8 alpha beta 

heterodimer. 

Grading 
Precursor lesions 
EATL may be preceded by refractory 

coeliac disease, also referred to as re¬ 

fractory sprue, which is defined as per¬ 

sistent gastrointestinal symptoms and 

abnormal small intestinal mucosal archi¬ 

tecture with increased intraepithelial lym¬ 

phocytes despite a strict gluten-free diet 

for >6-12 months (3446), The diagnosis 

of refractory coeliac disease requires ex¬ 

clusion of coeliac disease-related condi¬ 

tions (e.g. bacterial overgrowth, micro¬ 

scopic colitis, and lymphoma) and other 

small intestinal disorders (e.g. common 

variable immunodeficiency and autoim¬ 

mune enteropathy) (2914). Refractory 

coeliac disease can be primary (lack of 

response to gluten-free diet at diagnosis) 

or secondary (symptom onset after a var¬ 

iable duration of a gluten-free diet). 

The range of reported prevalence rates 

of refractory coeliac disease is wide (1.5- 

10%) (140,2256,2914,3416,3445). How¬ 

ever, a recent epidemiological survey 

suggests a much lower prevalence in the 

community (0.31% in coeliacs) (1755). 

Similar to in EATL, the duration and dose 

of gluten exposure are considered risk 

factors, based on the high frequency of 

HLA-DQ2 homozygosity (49,2454) and 

older patient age (majority >50 years) 

(1755.2454.3445) . 

Refractory coeliac disease is considered 

to be a biologically heterogeneous entity 

(50.2454.3416.3445) , and it is currentiy 

categorized into two types based on im¬ 

munophenotypic and molecular criteria 

(874). 

Type 1 refractory coeliac disease 
The small intestinal intraepithelial lym¬ 

phocytes have a normal phenotype, i.e. 

they express CD8 and surface CD3 and 

TCR. Polyclonal products are detected 

on TR gene rearrangement analysis. 

Small intestinal histology is similar to 

that observed in uncomplicated coeliac 

disease. Type 1 refractory coeliac dis¬ 

ease accounts for 68-80% of all refrac¬ 

tory coeliac disease cases (50,875,1755, 

2454,3416,3445). Surreptitious gluten 

ingestion is thought to sustain intestinal 

inflammation in many cases (1669), and 

transition to an autoimmune state is sus¬ 

pected in a minority (2458), No genetic or 

molecular alterations have been identified 

in this disease subtype. The symptoms 

are milder than those of type 2 refractory 

coeliac disease (2454). The 5-year sur¬ 

vival rate is high (80-96%), and the risk 

for developing EATL is low (3-14% in 4-6 

years) (50,1755,2454,3445). 

Type 2 refractory coeliac disease 
The small intestinal intraepithelial lym¬ 

phocyte immunophenotype is aberrant, 

i.e. CDS, surface CD3, and TCR expres¬ 

sion is absent. However, CD8 expression 

may be detected on a subset of intraepi¬ 

thelial lymphocytes by flow cytometry in 

as many as one third of cases (601), The 

intraepithelial lymphocytes usually do not 

express CD5, and variable downregula- 

tion or loss of other T-cell antigens can 

be seen. CD30 expression is considered 

to indicate transformation to EATL (1162). 

Clonal products are detected on TR gene 

rearrangement analysis. The degree of 
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Fig. 14.61 Enteropathy-associated T-cell lymphoma (EATL). A Capillary gel electrophoresis showing a clonal TRB 
gene rearrangement product (dominant peak on the right) in a duodenal biopsy sample from an individual with type 2 

refractory coeliac disease. B Capillary gel electrophoresis showing a similar clonal TRB gene rearrangement in an 

EATL that arose in the stomach a couple of years later. 

villous atrophy is usually severe (subtotal 

or total). The intraepithelial lymphocytes 

lack significant cytological atypia, but 

they can be widely distributed through¬ 

out the gastrointestinal tract (599,2454, 

4186). Small aggregates of lymphocytes 

are seen in the lamina propria in approxi¬ 

mately half of the cases (4178). Some 

cases exhibit ulcerated mucosa associ¬ 

ated with variable degrees of chronic 

inflammation and a relative paucity of 

intraepithelial lymphocytes (ulcerative je- 

junitis) {169,223,599}. 

The identification of TCR gene rearrange¬ 

ments of similar size in biopsies exhibit¬ 

ing features of type 2 refractory coeliac 

disease and concurrent or subsequent 

EATL helped establish that the aberrant 

intraepithelial lymphocytes are precur¬ 

sors of EATL in a proportion of cases and 

that they constitute a neoplastic popula¬ 

tion (low-grade lymphoma of intraepithe¬ 

lial T lymphocytes, EATL in situ, or cryptic 

EATL) (169,223,562,599,4371). 

In most cases, the aberrant intraepithe¬ 

lial lymphocytes are considered to be of 

alpha beta TCR lineage. However, recent 

studies have suggested that some cas¬ 

es might derive from gamma delta TCR 

T cells or possibly immature T/NK-cell 

precursors (innate immune cells), and 

that the maturational state of the cell of 

origin could impact the risk of extraintes- 

tinal dissemination and transformation to 

EATL (3571,3864). Disruption of intestinal 

immune homeostasis by deregulated ex¬ 

pression of IL15 contributes to disease 

pathogenesis (7,1747,2635,2639). IL15 

also increases survival of the aberrant 

intraepithelial lymphocytes (2457), which 

can facilitate genomic instability and ac¬ 

quisition of genetic abnormalities. 

Recurrent gains of chromosome 1q22-44 

are detected in type 2 refractory coeliac 

disease in common with EATL (297,937, 

2454,4187,4471), This finding suggests 

early acquisition of chromosome 1q ab¬ 

normalities in the evolution of EATL. Loss 

of pi6 protein, in the absence of LOH at 

chromosome 9p21, is observed in 40% 

of type 2 refractory coeliac disease cas¬ 

es exhibiting features of ulcerative jejuni- 

tis, and aberrant nuclear p53 expression 

can be detected in 57% of cases in the 

absence of molecular lesions of TP53 
(2923). 

Most patients have severe symptoms 

and they usually have profound malnour- 

ishment (body mass index <18) due to 

protein-losing enteropathy (1755,2454, 

3445). Large ulcers or stenotic areas 

are frequently observed on endoscopy 

(2454). As systemic dissemination of ab¬ 

errant intraepithelial lymphocytes occurs 

in a high proportion of cases (44-60%), 

patients may present with extraintestinal 

symptoms or disorders (e.g. skin lesions) 

(2454,4178,4186). The 5-year survival 

rate is low (44-58%), with 30-52% of pa¬ 

tients developing EATL over the course 

of 4-6 years (50,1755,2454,3445). The 

current chemotherapy and bone marrow 

transplantation regimens used for EATL 

are ineffective in eradicating the aberrant 

clonal intraepithelial lymphocytes (445, 

2455,3446). 

Genetic profile 
TRB or TRG genes are clonally re¬ 

arranged in virtually all cases (169,2456, 

2794). Unlike primary nodal peripheral 

T-cell lymphoma, most EATLs (-80%) 

either display gains of the 9q34 region, 

which harbours known proto-oncogenes 

(e.g. NOTCH1, ABU, and VAV2) or, alter¬ 

natively, show deletions of 16q12.1 (297, 

596,937,4471). Similar changes are also 

observed in monomorphic epitheliotrop- 

ic intestinal T-cell lymphoma. However, 

EATLs frequently display chromosomal 

gains of chromosomes 1q and 5q, which 

are less common in monomorphic epi- 

theliotropic intestinal T-cell lymphoma 

(937,4471). 

Losses at 9p are detected in 18% of 

EATLs; however, LOH at 9p21, targeting 

the cell-cycle inhibitor CDKN2AIB is ob¬ 

served in 56% of cases, accompanied 

by loss of pi6 protein expression (2923, 

4471). Loss of the 17p12-13.2 region, 

containing the TP53 tumour suppressor 

gene, is noted in 23% of EATLs, but aber¬ 

rant nuclear p53 expression can be seen 

in 75% of cases (937,2923). Recent stud¬ 

ies have reported recurrent mutations in 

constituents of the JAK-STAT signalling 

pathway in EATL (2869A). Additionally, 

the detection of JAK1 and STAT3 muta¬ 

tions in type 2 refractory coeliac disease 

implicates deregulation of JAK-STAT sig¬ 

nalling to be an early event in disease 

pathogenesis {1116A). 

Genetic susceptibility 
Coeliac disease, or gluten-sensitive 

enteropathy, predisposes to EATL. Coe¬ 

liac disease is a polygenic disorder with 

various risk loci associated, including the 

HLA locus. EATL is associated with the 

HLA-DQA1*0501 and HLA-DQB1*0201 
genotypes (49). More than 90% of EATL 

patients carry HLA-DQ2.5 heterodimers 

encoded by HLA-DQAP05 and HLA- 

DQB1*02 alleles, either in cis or trans 

configuration (1708). 
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Prognosis and predictive factors 
The prognosis of EATL patients is poor, 

due to the usually multifocal nature of 

the disease and a high rate of intestinal 

recurrence {743}. The median survival is 

7 months, and 1-year and 5-year overall 

survival rates are 31-39% and 0-59%, 

respectively (50,876,1081,1276,2456, 

2899}. Better outcomes have been re¬ 

ported for patients receiving intensive 

chemotherapy and autologous stem cell 

transplantation (with 5-year overall and 

progression-free survival rates of 60% 

and 52%, respectively) {3675}. However, 

an Eastern Cooperative Oncology Group 

(ECOG) score > 1 is noted in 88% of pa¬ 

tients, and many have a poor performance 

status, making them poor candidates for 

chemotherapy {1276,3675}. Moreover, 

f response to most current chemotherapy 

regimens is suboptimal. 

i Prognostic factors are not well estab¬ 

lished for EATL. Disease stage and the 

international Prognostic Index (IPI) are 

I not useful in predicting survival. Chemo¬ 

therapy and surgical resection are asso- 

; ciated with prolonged survival, and low 

: serum albumin with an adverse outcome 

{2456}. Malnutrition, which is common in 

! EATL patients with prior type 2 refractory 

i coeliac disease, is considered responsi¬ 

ble for their markedly lower 5-year surviv¬ 

al rate (0-8%) {50,2456}. The Prognos¬ 

tic Index for T-cell Lymphoma (PIT) has 

been shown to be useful in predicting 

survival of EATL patients {932}. Recently, 

I an EATL prognostic index (EPI) has been 

i developed that can distinguish three risk 

groups and reportedly performs better 

' than the IPI and PIT {888}. 

Monomorphic epitheliotropic 
intestinal T-cell lymphoma 

Jaffe E.S. BhagatG. 

Chott A. Tan S.Y. 

OttG. Stein H. 

Chan J.K.C, Isaacson P.G. 

Definition 
Monomorphic epitheliotropic intestinal 

T-cell lymphoma (MEITL) is a primary 

intestinal T-cell lymphoma derived from 

intraepithelial lymphocytes. Unlike in the 

classic form of enteropathy-associated T- 

cell lymphoma (EATL), there is no clear 

association with coeliac disease {3850}. 

The neoplastic cells have medium-sized 

Fig. 14.62 Monomorphic epitheliotropic intestinal T-cell 

lymphoma. The mucosa is diffusely infiltrated by medi¬ 

um-sized lymphoid cells with round nuclei and dispersed 

chromatin. 

round nuclei with a rim of pale cytoplasm. 

There is usually florid infiltration of intes¬ 

tinal epithelium. An inflammatory back¬ 

ground is absent, and necrosis is usually 

less evident than in classic EATL. Based 

on distinctive pathological and epidemio¬ 

logical features, and to facilitate distinc¬ 

tion from EATL, this disease is no longer 

referred to as type II EATL. 

ICD-Ocode 9717/3 

Synonym 
Type II enteropathy-associated 

T-cell lymphoma 

Epidemiology 
MEITL has a worldwide distribution. 

There is no clear association with coeliac 

disease. It accounts for the vast majority 

of cases of primary intestinal T-cell lym¬ 

phoma occurring in Asia, and also ap¬ 

pears to occur with increased frequency 

in individuals of Hispanic/indigenous 

origin {644,1299,3832}. Males are affect¬ 

ed more often than females; the male-to- 

female ratio is approximately 2:1. 

Localization 
The disease most often presents in the 

small intestine, with the jejunum affected 

more often than the ileum. Tumour mass¬ 

es, with or without ulceration, are common. 

Diffuse spread within the intestinal muco¬ 

sa is often seen. Involvement of mesen¬ 

teric lymph nodes is common. There can 

also be involvement of the stomach (oc¬ 

curring in 5% of cases) or the large bowel 

(in 16%) {4070}. With dissemination, multi¬ 

ple extranodal sites may be affected. 

Fig. 14.63 Monomorphic epitheliotropic intestinal T-cell 

lymphoma. The neoplastic cells have clear cytoplasm. 

Note the prominent epitheliotropism by tumour cells. 

Clinical features 
The tumour presents with symptoms ref¬ 

erable to the intestinal lesions, such as 

abdominal pain, obstruction or perfora¬ 

tion, weight loss, diarrhoea, and gastro¬ 

intestinal bleeding {644,4070}. A history 

of malabsorption is generally absent. 

Spread 
Diffuse spread of tumour cells in the adja¬ 

cent mucosa is common. There is risk of 

dissemination to many extranodal sites, 

as well as regional lymph nodes. 

Microscopy 
The neoplastic lymphocytes are gen¬ 

erally medium in size {747}. The nuclei 

are round and regular in appearance, 

with finely dispersed chromatin and in¬ 

conspicuous nucleoli. There is a gen¬ 

erous rim of pale cytoplasm. Within a 

given tumour the nuclear appearance is 

Fig. 14.64 Monomorphic epitheliotropic intestinal T-cell 

lymphoma. CD56 staining is diffusely positive. 
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Fig. 14.65 Monomorphic epitheliotropic intestinal T-cell 

lymphoma. This case was positive for T-cell receptor 
gamma expression. 

Fig. 14.66 Monomorphic epitheliotropic intestinal T-cell 

lymphoma. The villi are markedly widened and infiltrated 

by tumour cells. 

Fig. 14.67 Monomorphic epitheliotropic intestinal T-cell 

lymphoma. MATK shows strong nuclear expression in 

nearly all tumour cells, a helpful feature in the differen¬ 
tial with enteropathy-associated T-cell lymphoma. 

generally uniform, although the disease 

shows variation in cell size between pa¬ 

tients. The tumour cells show prominent 

epitheliotropism. The villous architecture 

is distorted, and broadly expanded villi 

may be present, Unlike in classic EATL 

(formerly type I EATL), an inflammatory 

background is absent. Areas of necrosis 

are uncommon, 

Immunophenotype 
MEITL has a distinctive immunopheno¬ 

type, being positive for CDS, CDS, and 

CD56 in the vast majority of cases {746}. 

Most tumours lack CDS, a feature sug¬ 

gesting a gamma delta T-cell derivation. 

Expression of T-cell receptor (TCR) gam¬ 

ma is often positive, although some cases 

express TCR beta {178,3889}, In a minor¬ 

ity of cases, the tumour cells are TCR- 

silent, or rarely both TCR gamma and 

TCR beta are expressed {644}. One study 

reported a high incidence of CDS alpha 

homodimers (CDS alpha alpha) {3889}. 

The cytotoxic granule-associated protein 

TIA1 is usually positive, but expression of 

other cytotoxic molecules (including gran- 

zyme B and perforin) is less consistent 

{4021}, Approximately 20% of cases show 

aberrant expression of CD20 {3889}. Most 

cases express MATK, a marker helpful in 

the distinction from EATL {3890} if present 

in >80% of tumour cells. 

Cell of origin 
MEITL arises from an intraepithelial T cell, 

which can be of either gamma delta or 

alpha beta derivation. These intestinal 

intraepithelial cells have a distinct onto¬ 

geny and function {1593,3255}. 

Grading 
All cases are clinically aggressive, 

irrespective of cell size. 

Genetic profile 
Clonal rearrangement of the TR genes is 

seen in >90% of cases. Extra signals for 

MYC at 8q24 are commonly seen {937}. 

Gains at 9q34.3 may be identified by 

FISH and copy-number analysis, and are 

the most common genetic change, seen 

in >75% of cases {937,2056,4021}. Oth¬ 

er aberrations include gains at 1q32.3, 

4p15.1, 5q34, 7q34, 8p11.23, 9q22.31, 

9q33.2, 8q24 {MYC locus), and 12p13.31 

and losses of 7p14.1 and 16q12,1 (2807, 

4021}. Compared with classic EATL, 

gains at 1q32,2-41 and 5q34-35.5 are 

seen less often {2807}. 

Activating mutations in STAT5B have 

been identified in a high proportion of 

cases {2160}; in one study, 63% of cases 

had mutations in 574756 when examined 

by whole-exome sequencing {2807}. 

Moreover, mutations in STAT5B were 

seen in cases of both gamma delta and 

alpha beta derivation. JAK3 and GNAI2 
are also mutated in some cases. These 

findings implicate activation of the JAKI 
STAT and G protein-coupled receptor 

signalling pathways {2807}. The most 

commonly mutated gene is SETD2, in 

one study mutated in >90% of cases 

{3368A}. EBV is negative; if positive, it 

suggests a diagnosis of extranodal NK/T- 

cell lymphoma. As in other forms of T-cell 

lymphoma, EBV may sometimes be iden¬ 

tified in background reactive B cells. 

Genetic susceptibility 
Unlike in EATL, there is no association 

with the HLA-DQAr0501 and HLA- 
DQB1*0201 genotypes. 

Prognosis and predictive factors 
The clinical outcome of patients with 

MEITL is poor, with a median survival of 

7 months. The five year overall and com¬ 

plete response rates are poor: 46% and 

48%, respectively. In one study, good 

performance status was associated with 

better overall survival (P = 0.03), and re¬ 

sponse to initial treatment led to better 

overall survival and progression-free sur¬ 

vival (P<0.001) {4070}. 

Intestinal T-cell lymphoma, 
NOS 

Jaffe E.S. 

Chott A. 

Ott G. 

Chan J.K.C. 

Bhagat G, 

Tan S.Y. 

Stein H, 

Isaacson P.G. 

Definition 
This category is used for T-cell lympho¬ 

mas arising in the intestines, or some¬ 

times other sites in the gastrointestinal 

tract, that do not conform to either classic 

enteropathy-associated T-cell lymphoma 

or monomorphic epitheliotropic intestinal 

T-cell lymphoma. Sometimes this dia¬ 

gnosis is made based on an inadequate 

biopsy in which the mucosal surface can¬ 

not be evaluated or immunophenotypic 

data are incomplete. It is not considered 

a specific disease entity. At a recent 
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I workshop of the European Association 

;for Haematopathology, most cases as- 

I signed to this category involved the co- 

: Ion {178}. The cases were heterogeneous 

I in their morphology and immunopheno- 

i type; 4 of the 5 cases with evaluable data 

j were T-cell receptor-silent, but most had 

! a cytotoxic phenotype. Several of the 

i cases had widespread disease, so the 

I intestines may not have been the primary 

i site. All cases were clinically aggressive. 

hcD-Ocode 9717/3 

i Indolent T-cell 
lymphoprollferatlve disorder of 

i the gastrointestinal tract 

Jatfe E.S. 

Chott A. 

OttG. 

Chan J.K.C. 

Bhagat G. 

Tan S.Y. 

Stein H. 

Isaacson P.G. 

Definition 
Indolent T-cell lymphoprollferatlve disor¬ 

der of the gastrointestinal tract Is a clonal 

T-cell lymphoprollferatlve disorder that 

can involve the mucosa in all sites of the 

gastrointestinal tract, but is most com¬ 

mon in the small intestine and colon. The 

lymphoid cells infiltrate the lamina pro¬ 

pria but usually do not show Invasion of 

the epithelium. The clinical course Is in¬ 

dolent, but most patients do not respond 

to conventional chemotherapy. A sub¬ 

set of cases progress to a higher-grade 

T-cell lymphoma with spread beyond the 

gastrointestinal tract. 

ICD-0 code 9702/1 

Epidemiology 
The disease presents in adulthood, more 

frequently In men than In women. Rare 

cases have been reported In children. No 

ethnic or genetic factors have been iden¬ 

tified for increased risk. However, some 

patients have a history of Crohn disease 

{3145}, 

Localization 
Most patients present with disease af¬ 

fecting the small bowel or colon {3145, 

3305}, However, all sites in the gastroin¬ 

testinal tract can be involved, including 

the oral cavity and oesophagus {1082}, 

The bone marrow and peripheral blood 

are usually not involved. 

Fig. 14.68 Indolent T-cell lymphoprollferatlve disorder of the gastrointestinal tract, duodenum. Infiltrate fills the lami¬ 

na propria and focally extends beyond the muscularis mucosae. However, glands are largely intact. 

Clinical features 
Presenting symptoms include abdominal 

pain, diarrhoea, vomiting, dyspepsia, and 

weight loss {561,3145}. The clinical course 

is chronic, but progression to disseminat¬ 

ed disease has been reported infrequent¬ 

ly. Peripheral lymphadenopathy is not 

present, but a subset of patients exhibit 

mesenteric lymphadenopathy (2506). 

Spread 
Multiple sites in the gastrointestinal tract 

are involved, with a chronic relapsing 

clinical course. A subset of patients are 

at risk for disease progression and more 

widespread disease, usually after many 

years {561,2506). 

Macroscopy 
The mucosa of affected sites in the gas¬ 

trointestinal tract is thickened, with promi¬ 

nent folds or nodularity. In some cases, 

the infiltrate produces intestinal polyps 

resembling lymphomatous polyposis 

{1640,1794}. The mucosal surface can 

be hyperaemic, with superficial erosions. 

Fig. 14.69 Indolent T-cell lymphoproliferative disorder 

of the gastrointestinal tract. Small polypoid lesions are 

hyperaemic. Reprinted from Perry AM et al. {3145}. 

Fig. 14.70 Indolent T-cell lymphoproliferative disorder 

of the gastrointestinal tract. The mucosa displays mul¬ 

tiple small polyps (arrows). From Perry AM et al. {3145}, 

Microscopy 
The lamina propria is expanded by a 

dense, non-destructive lymphoid infil¬ 

trate {3145}. Infiltration of fhe muscularis 

mucosae and submucosa may be seen 

focally. The mucosal glands are dis¬ 

placed by the infiltrate but not destroyed. 

However, epitheliotropism is occasionally 

seen. The infiltrate is monotonous, com¬ 

posed of small, round, mature-appearing 

lymphocytes. Admixed inflammatory 

cells are rare, but epithelioid granulo¬ 

mas may be focally present {563,2506}. 

Some of the histological changes may re¬ 

semble those of Crohn disease; whether 

some of these patients truly have preced¬ 

ing inflammatory bowel disease remains 

uncertain. 

Immunophenotype 
The cells have a mature T-cell pheno¬ 

type, positive for CD3. Most reported 

cases have been positive for CD8 {3145}, 

but CD4 has been expressed in a sig¬ 

nificant number {561,2506,3305}. The 

CD8-I- cases express TIA1, but gran- 

zyme B is generally negative. Other 
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Fig. 14.71 Indolent T-cell lymphoproliferative disorder of the gastrointestinal tract, ileum. The lamina propria is 

diffusely infiltrated by small lymphoid cells. 

Fig. 14.72 Indolent T-cell lymphoproliferative disorder of the gastrointestinal tract, ileum. Lymphocytes are 
positive for CDS. 

Fig. 14.73 Indolent T-cell lymphoproliferative disorder 

of the gastrointestinal tract. The Ki-67 proliferation in¬ 

dex is extremely low. 

Fig. 14.74 Indolent T-cell lymphoproliferative disorder 

of the gastrointestinal tract. CDS, duodenal biopsy. 

Glands are largely intact, but some epitheliotropism is 
seen. 

mature T-cell markers are also positive, 

including CD2 and CDS, with variable 

expression of CD7. All reported cases 

have expressed the alpha beta T-cell 

receptor, with no cases positive for T-cell 

receptor gamma. CD56 is negative but 

expression of CD103 has been reported 

in some cases. The proliferation rate is 

extremely low, with a Ki-67 proliferation 

index <10% in all cases studied. Rare 

cases have phenotypic aberrancy, such 

as double-negativity for CD4 and CDS; 

this phenotype is associated with a more 

aggressive clinical course, and may con¬ 

stitute a different entity. 

Cell of origin 
The postulated cell of origin is a mature 

peripheral T cell 

Genetic profile 
All reported cases have had clonal re¬ 

arrangements of TR genes, either TRG or 

TRB {2506,3145}. Recurrent mutations or 

translocations have not been identified. 

In limited studies, activating mutations of 

STATS were absent. In situ hybridization 

for EBV-encoded small RNA (EBER) was 

negative in all cases studied. 

Prognosis and predictive factors 
Most patients have a chronic relapsing 

clinical course. Response to conventional 

chemotherapy is poor, but patients have 

prolonged survival with persistent dis¬ 

ease. The presence of an aberrant T-cell 

phenotype in a small subset may indicate 

potential for more-aggressive clinical be¬ 

haviour. Additionally, cases expressing 

CD4 rather than CDS appear to be at 

higher risk for progression, although data 

are limited {561,2506}. 
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Hepatosplenic T-cell lymphoma GauardP 
Jsff© E.S. 

Krenacs L. 

Macon W.R 

Definition 
Hepatosplenic T-cell lymphoma (HSTL) 

is an aggressive subtype of extranodal 

lymphoma characterized by a hepato¬ 

splenic presentation without lymphad- 

enopathy and a poor outcome. The 

neoplasm results from a proliferation of 

cytotoxic T cells, usually of gamma delta 

T-cell receptor type. It is usually com¬ 

posed of medium-sized lymphoid cells, 

demonstrating marked sinusoidal infiltra¬ 

tion of spleen, liver, and bone marrow. 

ICD-Ocode 9716/3 

Epidemiology 
HSTL is a rare form of lymphoma, report¬ 

ed in both western and Asian countries. 

It accounts for 1-2% of all peripheral 

T-cell lymphomas {904,4217}. Peak inci¬ 

dence occurs in adolescents and young 

adults (median patient age at diagnosis: 

~35 years), with a male predominance 

{178,319,797}. 

Etiology 
As many as 20% of HSTLs arise in the 

setting of chronic immune suppression, 

most commonly during long-term immu¬ 

nosuppressive therapy for solid organ 

transplantation or prolonged antigenic 

stimulation {319,4168,4375}. In this set¬ 

ting, HSTL is regarded as a late-onset 

post-transplant lymphoproliferative disor¬ 

der of host origin. A number of HSTL cas¬ 

es have been reported in patients (espe¬ 

cially children) treated with azathioprine 

and infliximab for Crohn disease {922, 

3414}. Rare cases have been reported 

in patients with psoriasis or rheumatoid 

arthritis receiving tumour necrosis factor 

inhibitors and immunomodulators {3825}. 

Localization 
Patients present with marked spleno¬ 

megaly and usually hepatomegaly, but 

without lymphadenopathy. The bone 

marrow is almost always involved {178, 

319,797,4166}. 

Clinical features 
HSTL typically presents with hepatos- 

plenomegaly and systemic symptoms. 

Patients usually manifest marked throm¬ 

bocytopenia, often with anaemia and 

leukopenia. Peripheral blood involvement 

is uncommon at presentation but may 

Fig. 14.75 Hepatosplenic T-cell lymphoma. A Cords and sinusoids of the spleen are infiltrated by a monotonous population of neoplastic lymphoid cells with medium-sized nuclei 

and a moderate rim of pale cytoplasm. B The neoplastic cells diffusely infiltrate the hepatic sinusoids. C The bone marrow is usually hypercellular, with neoplastic cells infiltrating 

sinusoids. D Neoplastic cells in the bone marrow are highlighted with immunohistochemistry for CDS. 
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occur late in the clinical course |178,319, 

4166}, Given the almost constant bone 

marrow involvement, virtually all patients 

have Ann Arbor stage IV disease. HSTL 

is easily distinguishable from other gam¬ 

ma delta T-cell lymphomas that involve 

extranodal localizations (i.e. the skin and 

subcutaneous tissue, intestines, or nasal 

region) {150,1299}, but may be more dif¬ 

ficult to differentiate clinically from some 

cases of T-cell large granular lymphocyt¬ 

ic leukaemia with a gamma delta pheno¬ 

type |178}, 

Macroscopy 
The spleen is enlarged, with diffuse in¬ 

volvement of the red pulp but no gross 

lesions. Diffuse hepatic enlargement is 

also present. 

Microscopy 
Histopathologically, the cells of HSTL are 

monotonous, with medium-sized nuclei 

and a rim of pale cytoplasm. The nu¬ 

clear chromatin is loosely condensed, 

with small inconspicuous nucleoli. Some 

pleomorphism may occasionally be 

seen. The neoplastic cells involve the 

cords and sinuses of the splenic red 

pulp, with atrophy of the white pulp. The 

liver shows a predominant sinusoidal 

infiltration. Neoplastic cells are almost 

constantly present in the bone marrow, 

with a predominantly intrasinusoidal dis¬ 

tribution. This may be difficult to identify 

without the aid of immunohistochemistry 

or flow cytometry. Cytological atypia, 

with large cell or blastic changes may be 

seen, especially with disease progres¬ 

sion {178,319,4166}. 

Immunophenotype 
The neoplastic cells are CD3+ and usu¬ 

ally gamma delta T-cell receptor-t-, alpha 

beta T-cell receptor-, CD56-I-/-, CD4-, 

CD8-/-I-, and CD5-. Most gamma delta 

cases express the V delta 1 chain {319, 

3243). A minority of cases appear to be 

of alpha beta type, which is considered 

a variant of the more common gamma 

delta form of the disease {2431,4168}. 

The determination of the alpha beta or 

gamma delta phenotype is now possible 

in formalin-fixed, paraffin-embedded tis¬ 

sues {1299,3850}. The cells express the 

cytotoxic granule-associated proteins 

TIA1 and granzyme M, but are usually 

negative for granzyme B and perforin 

{797,2109,3850}. They often show aber¬ 

rant coincident expression of multiple 

killer-cell immunoglobulin-like receptor 

isoforms along with dim or absent CD94 

{2742}. Therefore, the cells appear to be 

mature, non-activated cytotoxic T cells 

with phenotypic aberrancy. This con¬ 

trasts with T-cell large granular lympho¬ 

cytic leukaemia, in which the cells have 

a more mature lymphocytic appearance; 

have a CD8-1-, often CD57-i- phenotype 

with granzyme B expression; and dis¬ 

close a subtle, diffuse interstitial infiltrate 

in the marrow, with minimal (not promi¬ 

nent) infiltration of sinuses {178,4168}. 

Postulated normal counterpart 
Peripheral gamma delta (or less com¬ 

monly alpha beta) cytotoxic T cells of 

the innate immune system with a mem¬ 

ory phenotype, recirculating between 

spleen, bone marrow, and liver {1816, 

2109} 

Genetic profile 
Cases of gamma delta origin have rear¬ 

ranged TRG genes and show a biallelic 

rearrangement of TRD genes. TRB genes 

are rearranged in alpha beta cases; how¬ 

ever, unproductive rearrangements of 

TRB genes have been reported in some 

gamma delta cases. 

Isochromosome 7q is present in most 

cases, and with disease progression, 

a variety of FISH patterns equivalent to 

2-5 copies of i(7)(q10) or numerical and 

structural aberrations of the second chro¬ 

mosome 7 have been detected {4340}. 

Ring chromosomes leading to 7q am¬ 

plification have also been reported. The 

common gained region, which has been 

mapped at 7q22, is associated with in¬ 

creased expression of several genes, in¬ 

cluding the gene encoding the multidrug 

resistance glycoprotein ABCB1 {1214}. 

Trisomy 8 may also be present. In situ 

hybridization for EBV is generally nega¬ 

tive. Recent gene expression profiling 

studies have shown that HSTL discloses 

a distinct molecular signature unifying al¬ 

pha beta and gamma delta cases {4048}. 

Missense mutations in STAT5B and more 

rarely STATS have been found in about 

40% of HSTLs {2160,2869}, consistent 

with the significant enrichment in genes 

of the JAK/STAT pathway in the gene ex¬ 

pression profile {4048}. Chromatin-mod¬ 

ifying genes, including SETD2, INO80, 
and ARID1B, are commonly mutated in 

HSTL, affecting 62% of cases {2600A}. 

Prognosis and predictive factors 
The course is aggressive. Patients may 

respond initially to chemotherapy, but 

relapses are seen in the vast majority of 

cases. The median survival is <2 years 

{319,1135}. Platinum-cytarabine {319} 

and pentostatin have been shown to be 

active agents {807}. Early use of high- 

dose therapy followed by haematopoi¬ 

etic stem cell transplantation (especially 

allogeneic transplantation) may improve 

survival {4220}. 
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Subcutaneous panniculitis-like 
T-cell lymphoma 

Jaffe E.S. 

Gaulard P. 

Cerroni L. 

Definition 
Subcutaneous panniculitis-like T-cell 

lymphoma (SPTCL) is a cytotoxic T-cell 

lymphoma that preferentially infiltrates 

subcutaneous tissue. It is composed of 

atypical lymphoid cells of varying size, 

typically with prominent apoptotic activity 

of tumour cells and associated fat necro¬ 

sis. Cases expressing the gamma delta 

T-cell receptor are excluded, and are 

instead classified as primary cutaneous 

gamma delta T-cell lymphoma. SPTCL 

has a very wide patient age distribution, 

with cases seen in both children and 

adults. The prognosis is generally good, 

especially compared with other forms of 

peripheral T-cell lymphoma. 

ICD-0 code 9708/3 

Epidemiology 
SPTCL is a rare form of lymphoma, ac¬ 

counting for <1% of all non-Hodgkin 

lymphomas. It is slightly more common in 

females than in males and has a broad 

patient age range {2133). Approximately 

20% of patients are aged <20 years 

(median: 35 years) {4321), and the dis¬ 

ease can also present in infancy {1737}. 

As many as 20% of patients may have 

associated autoimmune disease, most 

commonly systemic lupus erythemato¬ 

sus (4321). The differential diagnosis with 

lupus panniculitis may be challenging. 

Etiology 
Autoimmune disease may play a role 

in some cases. The lesions may show 

features overlapping with those of lupus 

panniculitis, and a diagnosis of systemic 

lupus erythematosus has been docu¬ 

mented in some cases {2445,2550}. In 

some patients, the early lesions may 

closely mimic lobular panniculitis. Wheth¬ 

er a benign lobular panniculitis precedes 

the development of SPTCL in patients 

Fig. 14.77 Subcutaneous panniculitis-like T-cell lymphoma. A Tumour cells are associated with abundant histiocytes 

containing apoptotic debris. B Neoplastic cells have round to oval hyperchromatic nuclei with inconspicuous nucleoli 

and abundant pale cytoplasm. 

Fig. 14.78 Subcutaneous pannicuiitis-like T-cell 

lymphoma. Neoplastic cells rim fat spaces. They are 

usually medium-sized, with coarse chromatin. Mitotic 

figures are evident. 

Fig. 14.79 Subcutaneous panniculitis-like T-cell 

lymphoma. CD8 staining highlights the atypical cells 

rimming fat spaces. 

Fig. 14.76 Subcutaneous panniculitis-like T-cell lym¬ 

phoma. Multiple subcutaneous nodules are common on 

the extremities. The overlying epidermis may show mild 

to moderate erythema. 

without systemic lupus erythematosus is 

unclear. EBV is absent {2133}. 

Localization 
Patients present with multiple subcuta¬ 

neous nodules or plaques, usually in the 

absence of other extracutaneous sites of 

disease. The most common sites of local¬ 

ization are the extremities and trunk. The 

nodules range in size from 0.5 cm to sev¬ 

eral centimetres in diameter. Larger nod¬ 

ules may become necrotic, but ulceration 

is rare {2133,4321}. It is rare for patients 

to present with only a single skin lesion. 

Clinical features 
Clinical symptoms are primarily related 

to the subcutaneous nodules. Systemic 

symptoms may be seen in as many as 

50% of patients. Laboratory abnormali¬ 

ties, including cytopenias and elevated 

liver function tests are common, and 

a frank haemophagocytic syndrome 

is seen in 15-20% of cases {1401}. In 

such cases, hepatosplenomegaly may 

be present. Lymph node involvement 

is usually absent. Bone marrow involve¬ 

ment has been reported rarely, with in¬ 

volvement of fat cells within the marrow 

space {2133}. 
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Table 14.05 Differential diagnosis of neoplasms expressing T-cell and NK-cell markers with frequent cutaneous involvement 

Cytotoxic TR 

Disease Clinical features CDS CD4 CD8 molecules^ CD56 EBV genes Lineage 

SPTCL Tumours (extremities and trunk) + - + + - - R T-cell 

PCGD-TCL Tumours, plaques, 

ulcerated nodules 

+ - -/+ + + - R T-cell 

Extranodal NK/TCL Nodules, tumours + - -/+ + + + G NK-cell, 

sometimes T-cell 

Primary C-ALCL Superficial nodules with 

epidermal involvement 

+ + - + - - R T-cell 

Mycosis fungoides Patches, plaques, 
tumours late in course 

+ + - - - - R T-cell 

Blastic PDC neoplasm Nodules, tumours - + - - + - G Precursor of PDC 

C-ALCL, cutaneous anaplastic large cell lymphoma; G, in germline configuration; PCGD-TCL, primary cutaneous gamma delta T-cell lymphoma; PDC, plasmacytoid 

dendritic cell; R, rearranged; SPTCL, subcutaneous panniculitis-like T-cell lymphoma; TCL, T-cell lymphoma; TR, T-cell receptor. 

^ Cytotoxic granule-associated protein(s) TIA1, granzyme B, and/or perforin. 
Marked variation in T-cell antigens, including frequent antigen loss of CD3, CD4, CDS 

Fig. 14.80 Subcutaneous panniculitis-like T-cell lym¬ 

phoma. CD4 Is negative In tumour cells but positive In 

macrophages, which may be abundant. 

Fig. 14.81 Subcutaneous panniculitis-like T-cell lym¬ 

phoma. The neoplastic cells stain for beta F1, indicative 

of origin from alpha beta T cells. 

Fig. 14.82 Subcutaneous panniculitis-like T-cell lym- i 

phoma. Tumour cells have a cytotoxic phenotype and ex¬ 

press granzyme B as well as other cytotoxic molecules. ; 

Microscopy 
The infiltrate involves the fat lobules, 

usually with sparing of septa. The over- 

lying dermis and epidermis are typically 

uninvolved. The neoplastic celis range 

in size, but in any given case, cell size 

is relatively consistent. The neoplastic 

cells have irregular and hyperchromatic 

nuclei. The lymphoid cells have a rim of 

pale-staining cytoplasm. A helpful diag¬ 

nostic feature is the rimming of the neo¬ 

plastic cells surrounding individual fat 

cells. Admixed reactive histiocytes are 

frequently present, in particular in areas 

of fat infiltration and destruction. The his¬ 

tiocytes are frequently vacuolated, due 

to ingested lipid material. Other inflam¬ 

matory cells are typically absent, notably 

plasma cells and plasmacytoid dendritic 

cells, which are both common in lupus 

panniculitis (2320,3189). Vascular inva¬ 

sion may be seen in some cases, and 

necrosis and karyorrhexis are common 

(2551). Karyorrhexis is helpful in the dif¬ 

ferential diagnosis from other lympho¬ 

mas involving skin and subcutaneous 

tissue (2133), Cutaneous gamma delta 

T-cell lymphomas may show panniculitis¬ 

like features, but commonly involve the 

dermis and epidermis, and may show 

epidermal ulceration. 

Immunophenotype ^ 
The cells have a mature alpha beta T- !| 

cell phenotype, usually CD8-positive, I 
with expression of cytotoxic molecules j 
including granzyme B, perforin, and TIAI jj 

(Table 14.05) (2133,3495). The cells ex- ' 

press beta FI and are negative for CD56, ij 

Fig. 14.83 Subcutaneous panniculitis-like T-cell lymphoma. The infiltrate is confined to the subcutaneous tissue 
with no involvement of the overlying dermis or epidermis. Note the predominant lobular growth pattern and relative 
sparing of septa. 
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facilitating the distinction from primary 

; cutaneous gamma delta T-cell lymphoma 

1(150,4030}. CD123 is generally negative, 

: whereas this marker frequently identifies 

: increased plasmacytoid dendritic cells in 

' lupus panniculitis {426}. 

Postulated normal counterpart 
A mature cytotoxic alpha beta T cell 

Genetic profile 
The neoplastic cells show rearrange¬ 

ment of TR genes and are negative for 

Mycosis fungoides 

Definition 
Mycosis fungoides is an epidermotro- 

pic, primary cutaneous T-cell lymphoma 

characterized by infiltrates of small to me¬ 

dium-sized T lymphocytes with cerebri- 

form nuclei. The term mycosis fungoides 

should be used only for classic cases, 

: characterized by the evolution of patch- 

■ es, plaques, and tumours, or for variants 

f with a similar clinical course. 

iCD-0 code 9700/3 

i Epidemiology 
: Mycosis fungoides is the most common 

. type of cutaneous T-cell lymphoma and 

accounts for almost 50% of all primary 

cutaneous lymphomas {4320}. Most pa¬ 

tients are adults/elderly, but the disease 

can also be observed in children and 

adolescents {395,1218}. The male-to- 

' female ratio is 2:1 {4320}. Worldwide, the 

j incidence is about 10 cases per one mil¬ 

lion population, with marked regional 

I variation {2085} and a higher incidence 

j in Black populations {1636}. An elevated 

I risk of mycosis fungoides has been as- 

j sociated with several professions, includ- 

I ing crop and vegetable farming, painting, 

; woodworking, and carpentry. These find¬ 

ings suggest possible environmental co¬ 

factors in the pathogenesis of the disease 

{167}. Studies have shown increased risk 

for individuals in the petrochemical, tex¬ 

tile, and metal industries {776}. Certain 

EBV sequences. No specific cytogenetic 

features or mutation patterns have been 

reported. 

Prognosis and predictive factors 
Dissemination to lymph nodes and other 

organs is rare {1401,2071,3495}. The me¬ 

dian 5-year overall survival rate is 80%; 

however, if a haemophagocytic syn¬ 

drome is present, the prognosis is poor 

{2551,2998,4321}. Combination chemo¬ 

therapy has traditionally been used, but 

some studies suggest that more con¬ 

lifestyle factors have also been associ¬ 

ated with increased risk: obesity and 

a smoking history of >40 years {167}. It 

has been speculated that mycosis fun¬ 

goides might be associated with certain 

retroviruses, but no such association has 

been identified through high-throughput 

sequencing {956}. 

Localization 
The disease is generally limited to the 

skin, with variable distribution, for a pro- 

Fig. 14.84 Early mycosis fungoides. 

Generalized patches and thin plaques (stage IB). 

servative immunosuppressive regimens 

(eyclosporine A, prednisone) may be 

effective {1485,1869,2805,4074}. The 

distinction from outaneous gamma delta 

T-cell lymphomas is important, because 

SPTCL has a much better prognosis 

(4031,4321), 

Cerroni L, 

Sander C.A 

Smoller B.R 

Willemze R. 

Siebert R. 

traded period. Extracutaneous dissemi¬ 

nation may occur in advanced stages, 

mainly to the lymph nodes, liver, spleen, 

lungs, and blood {892}. Involvement of 

the bone marrow is rare {4320). 

Clinical features 
Mycosis fungoides has an indolent 

clinical course, with slow progression 

over years or sometimes decades from 

patches to more-infiltrated plaques and 

eventually tumours. In early stages, the 

Fig. 14.85 Early mycosis fungoides. A localized 

patch/thin plaque covering <10% of the body surface 

(stage lA). 
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Fig. 14.86 Early mycosis fungoides. Band-like lymphoid infiltrates with several epidermotropic lymphocytes. Fibrosis 

of the papillary dermis is common. 

Fig. 14.87 Early mycosis fungoides. 

Detail of cerebriform epidermotropic lymphocytes. 

lesions are often confined to sun-protect¬ 

ed areas. Patients with tumour-stage my¬ 

cosis fungoides characteristically show 

a combination of patches, plaques, and 

tumours, which often show ulceration 

{4320}. Uncommonly, patients present 

with or develop an erythrodermic stage 

of disease that lacks the haematological 

criteria for Sezary syndrome. Besides the 

clinicopathological variants discussed in 

detail later in this chapter, several other 

clinical (and histopathological) variants of 

Fig. 14.88 Mycosis fungoides. 
Histological transformation to a large cell lymphoma. 

the disease have been described, such 

as hypopigmented and hyperpigmented 

variants {605A). 

Staging 
See Table 14.06. 

Microscopy 
The histology of the skin lesions var¬ 

ies with the stage of the disease. Early 

patch lesions show superficial band-like 

or lichenoid infiltrates, mainly consisting 

of lymphocytes and histiocytes. Atypical ' 

cells with small to medium-sized, highly ' 

indented (cerebriform) nuclei are few and .■ 
mostly confined to the epidermis, where 

they characteristically colonize the epi¬ 

dermal basal layer, often as haloed cells, 

either singly or in a linear distribution 

{2549}. In typical plaques, epidermotro- 

pism is more pronounced. Intraepidermal 

collections of atypical cells (Pautrier mi¬ 

croabscesses) are a highly characteristic ; 

feature, but are observed in only a mi¬ 

nority of cases {2549}. With progression 

to tumour stage, the dermal infiltrates 

become more diffuse, and epidermo- 

tropism may be lost. The tumour cells ; 

increase in number and size, showing ^ 

variable proportions of small, medium- ^ 

sized, and large cerebriform ceils with 

pleomorphic or blastoid nuclei {4320}. 

Histological transformation, defined by 

the presence of >25% large lymphoid : 

cells in the dermal infiltrates, may occur, 

mainly in the tumour stage {609,1898, 

4184). These large cells may be CD30- 

negative or CD30-positive. 

Enlarged lymph nodes from patients :: 

with mycosis fungoides frequently show i; 

dermatopathic lymphadenopathy with - 

paracortical expansion due to the large , 

number of histiocytes and interdigitating 

cells with abundant, pale cytoplasm. The : 

International Society for Cutaneous Lym¬ 

phomas (ISCL) / European Organisation , 

for Research and Treatment of Cancer 

(EORTC) staging system for clinically 

abnormal lymph nodes (> 1.5 cm) in my- i 

cosis fungoides and Sezary syndrome 

recognizes three categories: N1, reflect- 

ing no involvement; N2, early involve- ■ 
ment (with no architectural effacement); ' 

and N3, overt involvement (with partial 

or complete architectural effacement) ' 

Fig. 14.89 Early mycosis fungoides. A case showing epidermotropic lymphocytes 

aligned along the basal layer of the epidermis. 
Fig. 14.90 Early mycosis fungoides. Neoplastic cells can be seen lining up in the basal 
layer, referred to as a string-of-pearls pattern (CD3 stain). 
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Table 14.06 Staging of mycosis fungoides and Sezary syndrome according to the International Society for Cutaneous Lymphomas (ISCL) and the European Organisation for 

Research and Treatment of Cancer (EORTC). From: Olsen et al. Blood 110:1713-22 (2007) {2972} 

Skin 

T1 

T2 

T3 

Limited patches^, papules, and/or plaques'^ covering <10% of the skin surface. May further stratify into Tia (patch only) vs Tib (plaque ± patch) 

Patches, papules, or plaques covering > 10% of the skin surface. May further stratify into T2a (patch only) vs T2b (plaque ± patch) 

> 1 tumour^ (> 1 cm in diameter) 

T4 Confluence of erythema covering >80% of the body surface area 

Lymph nodes 

NO No clinically abnormal peripheral lymph nodes'^; biopsy not required 

N1 

N2 

Clinically abnormal peripheral lymph nodes; histopathology Dutch grade 1 or NCI LN 0-2 

Nia: Clone-negative® 

Nib: Clone-positive® 

Clinically abnormal peripheral lymph nodes; histopathology Dutch grade 2 or NCI LN3 

N2a: Clone-negative® 

N2b: Clone-positive® 

N3 Clinically abnormal peripheral lymph nodes; histopathology Dutch grade 3-4 or NCI LN4; clone-positive or clone-negative 

Nx Clinically abnormal peripheral lymph nodes; no histological confirmation 

Viscera 

MO No visceral organ involvement 

Ml 

Blood 

Visceral organ involvement (must have pathology confirmation^; organ involved should be specified) 

BO Absence of significant blood involvement: 

< 5% of peripheral blood lymphocytes are atypical (Sezary) cells^ 

BOa: Clone-negative® 

BOb: Clone-positive® 

B1 Low blood tumour burden: > 5% of peripheral blood lymphocytes are atypical (Sezary) cells, but criteria for B2 are not met 

B1a: Clone-negative® 

Bib: Clone-positive® 

B2 High blood tumour burden: Sezary cell count >1000/pL, clone-positive® 

Stage 

lA T1,N0, MO, BO-1 IB T2, NO, MO, BO-1 

II T1-2, N1-2, MO, BO-1 IIB T3, NO-2, MO, BO-1 

III T4, NO-2, MO, BO-1 IIIA T4, NO-2, MO, BO IIIB T4, NO-2, MO, B1 

IV Al T1-4, NO-2, MO, B2 IVA2 T1-4, N3, MO, BO-2 IV B T1-4, NO-3, Ml, BO-2 

® For skin, the term *patch+ means a skin lesion of any size without significant elevation or induration; the presence or absence of hypo- or hyperpigmentation, scale, 

crusting, and/or poikiloderma should be noted, 

For skin, the term *plaque+ means a skin lesion of any size that is elevated or indurated; the presence or absence of scale, crusting, and/or poikiloderma should be noted; 

histological features such as folliculotropism and large-cell transformation (>25% large cells), CD30 positivity or negativity, and clinical features such as ulceration are 

important to document. 

® For skin, the term *tumour+ means a solid or nodular lesion > 1 cm in diameter with evidence of depth and/or vertical growth; note the total number of lesions, total 

volume of lesions, largest size of lesion, and region of body involved; also note whether there is histological evidence of large-cell transformation; phenotyping for CD30 is 

recommended. 

For nodes, the term ‘abnormal peripheral lymph node+ means any palpable peripheral node that on physical examination is firm, irregular, clustered, fixed, or 

> 1.5 cm in diameter; node groups examined on physical examination include cervical, supraclavicular, epitrochlear, axillary, and inguinal; central nodes, which are not 

generally amenable to pathological assessment, are not considered in the nodal classification unless used to establish N3 histopathologically. 

® A T-cell clone is defined by PCR or Southern blot analysis of the TR gene. 

' Spleen and liver involvement can be diagnosed on the basis of imaging criteria. 

^ Sezary cells are defined as lymphocytes with hyperconvoluted cerebriform nuclei; if Sezary cells cannot be used to determine tumour burden for B2, then one of the 

following modified ISCL criteria along with a positive clonal rearrangement of the TR gene can be used instead: 

(1) expanded CD4+ T cells with a CD4:CD8 ratio of > 10, (2) expanded CD4+ T cells with abnormal immunophenotype including loss of CD7 or CD26. 
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Fig. 14.91 Mycosis fungoides. Ulcerated tumour 

surrounded by patches and plaques. 

Fig. 14.92 Mycosis fungoides. Plaque lesion with several intraepidermal Pautrier microabscesses. 

{2972}, Recognition of the early infiltrates 

can be difficult and can be facilitated by 

PCR for clonal TR rearrangement analy¬ 

sis {2972}. N3 lymph nodes may simulate 

peripheral T-cell lymphoma, NOS, or 

Hodgkin lymphoma. 

Variants 
Folliculotropic mycosis fungoides 
Folliculotropic mycosis fungoides is char- 

acferized by infiltrates of afypical (cere- 

briform) CD4-i- T lymphocyfes involving 

hair follicles, offen with sparing of the 

epidermis {608}. Many cases show muci¬ 

nous degeneration of fhe hair follicles (fol¬ 

licular mucinosis), but mucin deposition 

can be absent {1222,4131}. The lesions 

preferentially involve the head and neck 

area and often present with grouped fol¬ 

licular papules and plaques associated 

with alopecia {4131}. Due to the deep 

localization of the neoplastic infiltrate, 

folliculotropic mycosis fungoides is less 

accessible to skin-targeted therapies. 

The 5-year disease-specific survival rate 

is approximately 70-80%, which is sig¬ 

nificantly worse than that seen in classic 

plaque-stage mycosis fungoides {4131}. 

Pagetoid retioulosis 
Pagetoid reticulosis is characterized by 

patches or plaques with an intraepider¬ 

mal proliferation of neoplastic T cells 

{1516}. The term should only be used 

for the localized type (Woringer-Kolopp 

type) and not for the disseminated type 

(Ketron-Goodman type), because most 

cases corresponding to the latter cat¬ 

egory would instead be classified as ag¬ 

gressive epidermotropic CD8-i- cytotoxic 

T-cell lymphoma or cutaneous gamma 

delta T-cell lymphoma {4320}. The atypi¬ 

cal cells have medium-sized or large 

cerebriform nuclei and either a CD4~/ 

CD8-I- phenotype or (less commonly) a 

CD4-I-/CD8- phenotype. CD30 is often 

expressed, Unlike with classic mycosis 

fungoides, neither extracutaneous dis¬ 

semination nor disease-related deaths 

have ever been reported {4320}. 

Granulomatous slack skin 
Granulomatous slack skin is an extreme¬ 

ly rare subtype of cutaneous T-cell lym¬ 

phoma characterized clinically by the 

development of bulky, pendulous skin 

folds in fhe flexural areas (axillae, groin), 

and histologically by a granulomatous 

infiltrate within the dermis and subcuta¬ 

neous tissues, with clonal CD4+ T cells, 

abundant macrophages with many multi- 

nucleated giant cells, and loss of elastic 

fibres {1989,2241}. Most reported cases 

Fig. 14.93 Folliculotropic mycosis fungoides. Hyperplastic hair follicles surrounded 

and infiltrated by lymphocytes. 

Fig. 14.94 Folliculotropic mycosis fungoides. Colloidal iron staining shows marked 

deposition of mucin in all follicles. 
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have been associated with mycosis fun- 

goides |2241), but in some cases the 

disease was concomitant with Hodgkin 

lymphoma. Granulomatous slack skin 

is characterized by an indolent clinical 

course {2241}. 

Immunophenotype 
The typical phenotype is CD2+, CD3+, 

TCP beta+, CD5+. CD4+. CD8-, TCP 

gamma-. Cases with a cytotoxic phe¬ 

notype (CD8-r and/or TCP gamma-i-) are 

well recognized {2547,3390}. Such cases 

have the same clinical behaviour and 

prognosis as CD4-r cases, and should 

not be considered a separate entity 

{2547}. A CD8-I- phenotype has been re¬ 

ported more commonly in paediatric my¬ 

cosis fungoides. Expression of CD56 has 

been observed in otherwise conventional 

mycosis fungoides. A lack of CD7 is fre¬ 

quent in all stages of the disease. Cu¬ 

taneous lymphocyte antigen (CLA), as¬ 

sociated with lymphocyte homing to the 

skin, is expressed in most cases. Other 

alterations in the expression of T-cell an¬ 

tigens may be seen, but mainly occur in 

the advanced (tumour) stages. Partial 

expression of CD30 by neoplastic cells 

may be found in all stages, in particular 

in plaques and tumours of the disease. 

Cytotoxic granule-associated proteins 

are uncommonly expressed in the early 

patch/plaque lesions, but may be posi¬ 

tive in neoplastic cells in more-advanced 

lesions {4188}. 

Cell of origin 
A mature skin-homing CD4-i- T cell 

Genetic profile 
TP genes are found to be clonally re¬ 

arranged in most cases when sensitive 

techniques (e.g. BIOMED-2) are used 

{3211}. Complex karyotypes are present 

in many patients, in particular In the ad¬ 

vanced stages. Somatic copy-number 

Fig. 14.95 Pagetoid reticulosis. Hyperplastic epidermis 

infiltrated by numerous lymphocytes. 

variants constitute the vast majority of 

all driver mutations, including mutations 

in multiple components of the TCP and 

IL2 signalling pathways, in genes that 

drive T helper 2 (Th2) cell differentiation, 

in genes that facilitate escape from TGF- 

beta-mediated growth suppression, 

and in genes that confer resistance to 

tumour necrosis factor receptor super¬ 

family (TA/F/TSFj-mediated apoptosis 

{736,2598,4039,4091,4134}. Constitutive 

activation of STAT3 and inactivation of 

CDKN2A (also called p16INK4a) and 

PTEN have been identified and may be 

associated with disease progression 

{3547}. 

Prognosis and predictive factors 
The single most important prognostic fac¬ 

tor in mycosis fungoides is the extent of 

Fig. 14.96 Folliculotropic mycosis fungoides. 

Staining for CDS highlights intraepithelial lymphocytes. 

Fig. 14.97 Granulomatous slack skin. 

Diffuse lymphoid infiltrates admixed with histiocytes and 

with several large, multinucleated giant cells. 

cutaneous and extracutaneous disease, 

as reflected by the clinical stage. Patients 

with limited disease generally have an ex¬ 

cellent prognosis, with a similar survival 

as the general population {27,958,3256, 

4132}. Large Pautrier microabscesses 

and dermal atypical lymphocytes in early 

lesions have been associated with pro¬ 

gression to advanced stage {4212}. In 

advanced stages, the prognosis is poor, 

in particular in patients with skin tumours 

and/or extracutaneous dissemination 

{337,4132}. Failure to achieve complete 

remission after the first treatment, pa¬ 

tient age >60 years, and elevated lactate 

dehydrogenase are adverse prognostic 

parameters {27,973}, as is histological 

transformation with increase in blast cells 

(>25%) {155,609}. 
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Sezary syndrome Whittaker S.J. 

Cerroni L. 

Willemze R. 

Siebert R. 

Definition 
Sezary syndrome (SS) is defined by 

the triad of erythroderma, generalized 

lymphadenopathy, and the presence of 

clonally related neoplastic T cells with 

cerebriform nuclei (Sezary cells) in skin, 

lymph nodes, and peripheral blood. In 

addition, one or more of the following 

criteria are required: an absolute Sezary 

cell count > 1000/pL, an expanded CD4+ 

T-cell population resulting in a CD4:CD8 

ratio of >10, and loss of one or more 

T-cell antigens. SS and mycosis fungoi- 

des are closely related neoplasms, but 

are considered separate entities on the 

basis of differences in clinical behaviour 

and cell of origin (4211). 

ICD-0 code 9701/3 

Synonym 
Sezary disease 

Epidemiology 
This is a rare disease, accounting for < 5% 

of all cutaneous T-cell lymphomas {4320}. 

It occurs in adults, characteristically pre¬ 

sents in patients aged >60 years, and 

has a male predominance. 

Localization 
As a leukaemia, SS is by definition a gen¬ 

eralized disease. Any visceral organ can 

be involved in advanced stages, but the 

most common sites are the oropharynx, 

lungs, and CNS. Bone marrow involve¬ 

ment is variable. 

Clinical features 
Patients present with erythroderma and 

generalized lymphadenopathy. Other 

features are pruritus, alopecia, ectropion, 

palmar or plantar hyperkeratosis, and 

onychodystrophy. An increased preva¬ 

lence of secondary cutaneous and sys¬ 

temic malignancies has been reported in 

SS and attributed to the immunoparesis 

associated with skewing of the normal 

T-cell repertoire and loss of normal circu¬ 

lating CD4-I- cells {1720}. 

Table 14.07 Histopathological staging for clinically abnormal lymph nodes (>1.5 cm) in mycosis fungoides and 

Sezary syndrome 

ISCL/EORTC 1 
{2972} Dutch system {3552A} NCI classification {3532A} 1 

N1 Category 1: LNO: 

DL, no atypical CMCs No atypical lymphocytes 

LN1: 

Occasional, isolated atypical lymphocytes 

LN2: 

Clusters (3-6 cells) of atypical lymphocytes 

N2® Category 2: LN3: 

DL with early involvement and Aggregates of atypical lymphocytes, but 

scattered atypical CMCs architecture preserved 

N3 Category 3: LN4: 

Partial effacement of architecture. Partial or complete effacement of architecture. 

with many CMCs 

Category 4: 

Complete effacement of architecture 

with many atypical lymphocytes 

CMC, cerebriform mononuclear cell with nuclei >7.5 gm; DL, dermatopathic lymphadenopathy; 

EORTC, European Organisation for Research and Treatment of Cancer; 
ISCL, International Society for Cutaneous Lymphomas; NCI, United States National Cancer Institute. 

^ N2 is divided into two categories: 

N2a (without clonally rearranged T cells) and N2b (with clonally rearranged T cells). 

Staging 
Staging of mycosis fungoides and SS 

is performed according to the Interna¬ 

tional Society for Cutaneous Lympho¬ 

mas (ISCL) / European Organisation for 

Research and Treatment of Cancer (EO- 

RTC) system (Table 14.06, p. 387) {2972). 

SS patients are erythrodermic (T4) and 

have peripheral blood involvement, 

which requires demonstration of clonal 

TR gene rearrangement (preferably the 

same clone in skin and peripheral blood) 

Fig. 14.98 Sezary syndrome. Generalized skin disease 
with erythroderma. 

in combination with (1) a total Sezary cell 

count >1000/ijL, (2) an expanded CD4-i- 

T-cell population with a CD4:CD8 ratio 

of >10, or (3) an expanded CD4-n T-cell 

population with abnormal immunophe- 

notype including loss of CD7 or CD26 

{2972}. For determination of the Sezary 

cell count, Sezary cells are defined as 

lymphocytes with hyperconvoluted cer¬ 

ebriform nuclei. SS cases are stage iVAl, 

IVA2, or IVB according to the ISCL/ 

EORTC system. 

Microscopy 
The histological features in SS may be 

similar to those in mycosis fungoides. 

However, the cellular infiltrates in SS are 

more often monotonous, and epidermo- 

tropism may sometimes be absent. In 

as many as one third of biopsies from 

patients with otherwise classic SS, the 

histological picture may be non-specific 

{4062}. involved lymph nodes charac¬ 

teristically show a dense, monotonous 

infiltrate of Sezary cells with effacement 
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Fig. 14.99 Sezary syndrome. Skin infiltrates with epidermotropic infiltrates of atypical, cerebriform lymphocytes. 

Fig. 14.100 Sezary syndrome. Morphology of Sezary cells in Giemsa-stained blood films (A) and by ultrastructural 

examination (B). 

of the normal lymph node architecture 

(3553). Bone marrow may be involved, 

but the Infiltrates are often sparse and 

mainly interstitial (3669). 

I 

•; Immunophenotype 
I The neoplastic T cells have a CD3+, 

i CD4+, CDS- phenotype; characteristi- 

{ cally lack CD7 and CD26; and express 

I PD1 (also known as CD279) In almost all 

( cases (625). Sezary cells express cuta- 

I neous lymphocyte antigen (CLA) and 

the skIn-homIng receptor CCR4 (1213), 

as well as CCR7 (2825). Flow cytometry 

i analysis of peripheral blood lymphocytes 

t shows a CD4+/CD7- (>30%) or CD4+/ 

J CD26- (>40%) T-cell population (356, 

I 3718). 

I I 
I Postulated normal counterpart 

The normal counterparts of Sezary cells 

are circulating central memory T cells 

(CD27+, CD45RA-, CD45RO+); this is 

in contrast to the tumour cells of mycosis 

I fungoides, which derive from skin-resi- 

I dent memory T cells (539). I Genetic profile 
TR genes are clonally rearranged (3211, 

4308,4309). A characteristic gene ex- 

[f pression signature consists of overex¬ 

pression of PLS3, DNM3, TWIST1, and 

EPHA4 and underexpression of STAT4 
(1519,1941,4130), 

Recurrent balanced chromosomal trans¬ 

locations have not been detected in SS, 

but complex numerical and structural al- 

: terations are common and similar to those 

In mycosis fungoides (294,552,2491), 

Including losses of Ip, 6q, and lOq and 

gains of 8q, with isochromosome 17q as 

a recurrent feature of SS (4190), High- 

throughput sequencing techniques have 

revealed a markedly heterogeneous pat¬ 

tern of novel gene mutations and focal 

‘ copy-number variants, indicating a high 

rate of genomic instability (736,2005, 

4091,4150), Recurrent gain-of-function 

mutations affecting genes involved in T- 

ceil receptor signalling, including PLCG1, 

CD28, and TNFRSF1B, may explain the 

constitutive activation of NF-kappaB in 

SS. RHOA mutations described in other 

mature T-cell lymphomas are also present 

in SS. Recurrent loss-of-function aberra¬ 

tions also target epigenetic modifiers, in¬ 

cluding ARID1A, in which functional loss 

from nonsense and frameshift mutations 

and/or targeted deletions is observed in 

around 40% of SS cases (2005). Both 

single nucleotide mutations and copy- 

number variants affecting genes encod¬ 

ing members of the JAK/STAT pathway 

may also explain the constitutive activa¬ 

tion of STAT3 in tumour cells. Mutations 

affecting chromatin-modifying genes 

such as DNMT3A are also present in 

SS, as are frequent inactivating muta¬ 

tions of TP53 (736) and deletions of 

CDKN2A (also called p16INK4a) (2843, 

3546), Hypermethylation and inactivation 

of genes involved in the FAS-dependent 

apoptotic pathway is common (1873). 

Prognosis and predictive factors 
SS is an aggressive disease, with a me¬ 

dian survival of 32 months and a 5-year 

overall survival rate of 10-30%, depend¬ 

ing on stage (4320), Most patients die 

of opportunistic infections. Lymph node 

involvement (stage IVA2) and visceral 

involvement (stage IVB) indicate a worse 

prognosis (343). The degree of peripheral 

blood involvement at diagnosis may have 

an impact on prognosis (2041,4213), but 

the prognostic relevance of bone marrow 

involvement is unknown. 
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Primary cutaneous CD30-positive 
T-cell lymphoproliferative disorders 

Willemze R. 

Paulli M. 

Kadin M.E. 

Definition 
Primary cutaneous CD30+ lymphopro¬ 

liferative disorders are the second most 

common group of cutaneous T-cell lym¬ 

phomas, accounting for approximately 

30% of cases. This group includes lym- 

phomatoid papulosis, primary cutaneous 

anaplastic large cell lymphoma (C-ALCL), 

and borderline cases. 

These diseases form a spectrum and 

may show overlapping histopathological, 

phenotypic, and genetic features {4171, 

4223,4320}. The clinical appearance 

and course are therefore critical for the 

definite diagnosis. The term 'borderline' 

refers to cases in which, despite careful 

clinicopathological correlation, a definite 

distinction between lymphomatoid papu¬ 

losis and C-ALCL cannot be made. How¬ 

ever, clinical examination during follow¬ 

up will generally disclose whether such 

patients have lymphomatoid papulosis or 

C-ALCL {314}. Clinicopathological corre¬ 

lation is not only required to differentiate 

between lymphomatoid papulosis and 

C-ALCL, but is also essential for differen¬ 

tiating these primary cutaneous CD30-t- 

lymphoproliferative disorders from a wide 

variety of infectious and inflammatory 

skin diseases and other types of cutane¬ 

ous T-cell lymphomas (in particular, my¬ 

cosis fungoides) that contain significant 

numbers of CD30+ cells {1986}. 

Lymphomatoid papulosis 

Definition 
Lymphomatoid papulosis (LyP) is a chron¬ 

ic, recurrent, self-healing skin disease 

that combines a usually benign clinical 

course with histological features sugges¬ 

tive of a cutaneous T-cell lymphoma. 

ICD-Ocode 9718/1 

Synonynn 
Primary cutaneous CD30-I- T-cell 

lymphoproliferative disorder 

Epidemiology 
LyP most often occurs in adults (median 

patient age: 45 years), but children may 

also be affected. The male-to-female 

Fig. 14.101 Lymphomatoid papulosis. Papulonecrotic 
skin lesions at various stages of evolution. 

ratio is 2-3:1 {314,1088,2367,4138}. 

Localization 
LyP is a skin-limited disease that most 

frequently affects the trunk and extremi¬ 

ties {314}. In rare cases, concurrent oral 

mucosal lesions can be present {3597}. 

Clinical features 
LyP is characterized by papular, papulo¬ 

necrotic, and/or nodular skin lesions at 

various stages of development {314}. The 

number of lesions may vary from a few 

to more than a hundred. Individual skin 

Fig. 14.102 Lymphomatoid papulosis type A. A Mixed inflammatory infiltrate with scattered large atypical ceils. B Staining for CD30 shows scattered large atypical cells. 
C Scattered large anaplastic cells expressing CD30. 
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Fig. 14.104 Lymphomatoid papulosis type C. A Diffuse infiltrate of large anaplastic cells with only occasional 

admixed inflammatory cells. This histological picture is indistinguishable from that of cutaneous anaplastic large cell 

lymphoma, and clinicopathological correlation is required to make a definite diagnosis. B Staining for CD30. 

Fig. 14.103 Lymphomatoid papulosis, type B. Epider- 

motropic infiltrate of small to medium-sized atypical 

lymphocytes simulating early-stage mycosis fungoides. 

lesions disappear within 3-12 weeks and 

may leave behind superficial scars. The 

duration of the disease may vary from 

several months to >40 years. In as many 

as 20% of patients, LyP may be pre¬ 

ceded by, associated with, or followed 

by another type of malignant lymphoma, 

generally mycosis fungoides, cutaneous 

anaplastic large cell lymphoma, or Hodg¬ 

kin lymphoma {314,910}. 

Microscopy 
The histological picture of LyP is ex¬ 

tremely variable, and in part correlates 

with the age of the biopsied skin lesion. 

Several histological subtypes of LyP have 

been described. 

Type A LyP is the most common type 

(>80%) and is characterized by scat¬ 

tered or small clusters of large atypical 

(sometimes multinucleated or Reed- 

Sternberg-like) CD30-i- cells intermingled 

with numerous inflammatory cells, includ¬ 

ing small lymphocytes, neutrophils, and/ 

or eosinophils (314). 

LyP, Type B is uncommon (<5%) and is 

characterized by a predominantly epi- 

derrnotropic infiltrate of small atypical 

CD30-r or CD30- cells with cerebriform 

nuclei, histologically simulating early- 

stage mycosis fungoides {314}, 

LyP, Type C lesions (-10%) demonstrate 

a monotonous population or cohesive 

sheets of large CD30-i- T cells with rela¬ 

tively fev\/ admixed inflammatory cells, 

very similar to cutaneous anaplastic 

large cell lymphoma {314}. 

LyP, Type D lesions (<5%) are character¬ 

ized by a strongly epidermotropic, some¬ 

times pagetoid infiltrate of atypical small 

to medium-sized CD8-1-, CD30+ pleo¬ 

morphic T cells, mimicking primary cuta¬ 

neous aggressive epidermotropic CD8-1- 

cytotoxic T-cell lymphoma {3473}. 

Fig. 14.105 Lymphomatoid papulosis type D. A Marked epidermotropism of CD8+ pleomorphic T ceils mimicking 

cutaneous aggressive epidermotropic CD8+ cytotoxic T-cell lymphoma. B Extensive epidermotropism of small to 

medium-sized pleomorphic T cells. 
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Fig. 14.106 Lymphomatoid papulosis type D. A Marked epidermotropism of CD8+ pleomorphic T cells mimicking 

cutaneous aggressive epidermotropic CD8+ cytotoxic T-cell lymphoma. B Expression of CD30 by epidermal and 

dermal T cells. 

Fig. 107 Lymphomatoid papulosis, type E. Infiltrate h 

an angiodestructive growth pattern 

Some of these cases may have a gamma 

delta T-cell phenotype {3390}. 

Type E LyP (<5%) is characterized by angi- 

ocentric and angiodestructive infiltrates of 

small to medium-sized CD8-1-, CD30+ ple¬ 

omorphic T cells {1988), Vascular occlu¬ 

sion, haemorrhages, extensive necrosis, 

and ulceration may be present. Clinically, 

patients present with a few papulonodular 

lesions that rapidly ulcerate and evolve into 

large necrotic eschar-like lesions. 

LyP with 6p25.3 rearrangement (<5%) 

is characterized by chromosomal re¬ 
arrangements involving the DUSP22-IRF4 

locus on 6p25.3 {1938}, Patients are 

older adults and often present with local¬ 

ized skin lesions. Histologically, skin le¬ 

sions show extensive epidermotropism 

by weakly CD30-I- small to medium¬ 

sized T cells with cerebriform nuclei and 

strongly CD30-t- medium-sized to large 

blast cells in the dermis, simulating trans¬ 

formed mycosis fungoides. 

Other rare histological variants have also 

been described, including folliculotropic, 

syringotropic, and granulomatous LyP 

{1986,1987}. Different subtypes of LyP 

may occur in separate but concurrent le¬ 

sions, and a single LyP lesion may show 

histological features of multiple subtypes. 

Recognition of these different subtypes 

of LyP is important, to avoid misdiag¬ 

nosis of other, often more aggressive, 

types of cutaneous T-cell lymphoma (see 

Table 14.08). However, the subtypes have 

no therapeutic or prognostic implications. 

Immunophenotype 
The large atypical cells in the lesions of 

type A and type C LyP have the same 

phenotype as the tumour cells in cutane¬ 

ous anaplastic large cell lymphoma. 

Fig. 14.108 Lymphomatoid papulosis with DUSP22-IRF4 rearrangement. A Diffuse dermal infiltrate of medium-sized to large atypical lymphocytes. Intraepidermal infiltrate of 

small atypical lymphocytes with hyperchromatic nuclei. B Diffuse dermal infiltrate of medium-sized to large atypical lymphocytes. Expression of CDS by both intraepidermal and 

dermal atypical T cells. C Diffuse dermal infiltrate of medium-sized to large atypical lymphocytes. CD30 expression by both intraepidermal and dermal atypical lymphocytes. 
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Table 14.08 Lymphomatoid papulosis: histological subtypes and differential diagnosis 

Subtype 

Relative 

frequency 

Predominant 

phenotype Main differential diagnoses 

Type A >80% CD4+, CD8- C-ALCL 

Tumour-stage MF 

Flodgkin lymphoma 

Type B <5% CD4+, CD8- Plaque-stage MF 

Type C -10% CD4+, CD8- C-ALCL 

Transformed MF (CD30+) 

Type D <5% CD4-, CD8+ CD8+ aggressive epidermotropic TCL 

Type E <5% CD4-, CD8+ Extranodal NK/TCL 

With DUSP22-IRF4 

rearrangement 

<5% CD4-, CD8+ or 

CD4-,CD8- 
Tumour-stage MF 

C-ALCL, cutaneous anaplastic large cell lymphoma; MF, mycosis fungoides; TCL, T-cell lymphoma. 

The atypical cells are predominantly 

CD4=positive in LyP types A-C, CD8- 

positive in types D and E, and either 

CD8-positive or double negative for CD4 

and CD8 in DUSP22-IRF4-translooated 

cases. The expression of CD56 has also 

been sporadically reported {316,1223}. 

Postulated normal counterpart 
An activated skin-homing T cell 

Genetic profile 
Antigen receptor genes 
Clonally rearranged TRG genes have 

been detected in most cases of LyP |748, 

887,3789), Identical rearrangements 

have been demonstrated in LyP lesions 

and associated lymphomas {748,887}, 

Cytogenetic abnormalities 
No consistent abnormalities have been 

described. The t(2;5)(p23;q35) translo¬ 

cation or its variants, leading to activation 

of the ALK kinase, are not detected in LyP 

{920}. Rearrangements of the DUSP22- 
IRF4 locus on chromosome 6p25,3 are 

found in a small subset of LyP cases, 

which show distinctive clinicopathologi- 

cal features {1938,4223}, 

Prognosis and predictive factors 
LyP has an excellent prognosis. In two 

large studies, together including 242 pa¬ 

tients, only 2% of LyP patients died of 

associated lymphomas {314,910}. How¬ 

ever, because the risk factors for the 

development of a systemic lymphoma 

are unknown, long-term follow-up is 

recommended. 

Primary cutaneous anaplastic 
large cell lymphoma 

Definition 
Cutaneous anaplastic large cell lym¬ 

phoma (C-ALCL) is composed of large 

cells with an anaplastic, pleomorphic, or 

immunoblastic cytomorphology, the ma¬ 

jority (>75%) of which express the CD30 

antigen {4320}, Patients with C-ALCL 

should not have clinical evidence or his¬ 

tory of myoosis fungoides; in this setting 

a diagnosis of mycosis fungoides with 

large cell transformation, which may be 

CD30-positive or CD30-negative, is more 

likely {337). The disease must also be dis¬ 

tinguished from systemic anaplastic large 

cell lymphoma with cutaneous involve¬ 

ment, which is a separate disease with 

different cytogenetics, clinical features, 

and outcome {4389}. 

ICD-Ocode 9718/3 

Synonyms 
Primary cutaneous CD30+ large T-cell 

lymphoma (obsolete); primary cutaneous 

Fig. 14.109 Primary cutaneous anaplastic large cell 

lymphoma with an ulcerated skin tumour. 

CD30-I- T-cell lymphoproliferative dis¬ 

order; regressing atypical histiocytosis 

(obsolete) 

Epidemiology 
C-ALCL is the second most common type 

of cutaneous T-cell lymphoma {4320}. 

The median patient age is 60 years. 

Children are sporadically affected {314}. 

The male-to-female ratio is 2-3;1 {314}, 

Localization 
This is a skin-limited disease that most 

frequently affects the trunk, face, and ex¬ 

tremities {338,4361). 

Clinical features 
Most patients present with solitary or lo¬ 

calized nodules or tumours, and some¬ 

times papules, and often show ulceration 

{314,2367}. Multifocal lesions are seen in 

about 20% of patients. The skin lesions 

may show partial or complete spontane¬ 

ous regression, as is seen in lympho¬ 

matoid papulosis. These lymphomas 

frequently relapse in the skin. Extracu- 

taneous dissemination occurs in about 

10% of patients, and mainly involves the 

regional lymph nodes {314,4320). 

Microscopy 
Histology shows diffuse infiltrates with 

cohesive sheets of large CD30-r tumour 

cells. Epidermotropism may be present, 

and is particularly marked in cases car¬ 

rying a DUSP22-IRF4 rearrangement 

{2975}, In most cases, the tumour cells 

have the characteristic morphology of 

anaplastic cells, with round, oval, or irreg¬ 

ularly shaped nuclei; prominent eosino¬ 

philic nucleoli; and abundant cytoplasm 

{4320). Less commonly (20-25%), they 

have a non-anaplastic (pleomorphic or 

immunoblastic) appearance {314,2548, 

3111). Reactive lymphocytes are often 

present at the periphery of the lesions. 

Ulcerating lesions may show a lympho¬ 

matoid papulosis-like histology, with an 

abundant inflammatory infiltrate of reac¬ 

tive T cells, histiocytes, eosinophils, neu¬ 

trophils, and relatively few CD30-i- cells. 

In such cases, epidermal hyperplasia 

may be prominent. The inflammatory 

background is especially prominent in 

the rare neutrophil-rich (pyogenic) vari¬ 

ant {500}. Rare cases of intralymphatic 

C-ALCL have been reported {3500}. 
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Fig. 14.110 Primary cutaneous anaplastic large cell 

lymphoma presenting with a solitary tumour on the 

back. 

Fig. 14.111 Primary cutaneous anaplastic large cell 

lymphoma presenting with a large ulcerating tumour on 

the left leg. 

Immunophenotype 
The neoplastic cells show an activated 

CD4+ T-cell phenotype with variable loss 

of CD2, CDS, and/or CD3 and frequent 

expression of cytotoxic proteins (e.g. 

granzyme B, TIA1, and perforin) {432, 

2136,4320}. Some cases may have a 

CD4-/CD8+ or CD4+/CD8+ T-cell phe¬ 

notype or a null-cell phenotype (2545}. 

CD30 is by definition expressed by the 

majority (>75%) of the neoplastic cells 

{4320}. Unlike systemic anaplastic large 

cell lymphomas, most C-ALCLs express 

the cutaneous lymphocyte antigen (CLA), 

but do not express EM A or ALK {891, 

920,3940}. CD15 is expressed in approx¬ 

imately 40% of cases, whereas staining 

for IRF4/MUM1 is positive in almost all 

cases {336,4262}. Unlike Hodgkin lym¬ 

phomas, C-ALCLs do not express PAX5 

and are negative for EBV, Coexpression 

of CD56 is observed in rare cases, but 

does not appear to be associated with an 

unfavourable prognosis {2839}. 

Postulated normal counterpart 
A transformed/activated skin-homing 

Tcell 

Genetic profile 
Antigen receptor genes 
Most cases show clonal rearrangement 

of the TR genes {2425}. However, T-cell 

receptor proteins are often not expressed 

(413). 

Cytogenetic abnormaiities and 
oncogenes 
Unlike systemic anaplastic large cell lym¬ 

phomas, the vast majority of C-ALCLs 

do not carry translocations involving 

the ALK gene at chromosome 2 {920}. 

However, unusual cases of ALK-posi- 

tive C-ALCL, including cases showing 

strong nuclear and cytoplasmic staining 

characteristic of the t(2;5) chromosomal 

translocation and cases expressing cy¬ 

toplasmic ALK protein (indicative of a 

variant ALK translocation), have been 

reported {178,1900,2996,3267}. Many of 

these cases had an excellent prognosis. 

Rearrangements of the DUSP22-IRF4 

locus on chromosome 6p25.3 are found i 

in approximately 25% of C-ALCLs and in 

a small subset of lymphomatoid papulo- i 
sis {3166,4223}. Frequent chromosomal 

aberrations affecting almost half of the . 

patients are gains of 7q31 and losses on 

6q16-21 and 13q34 {2185,4135}. Unlike : 

in tumour-stage mycosis fungoides and ; 

peripheral T-cell lymphoma, NOS, loss of : 

9p21,3 harbouring the CDKN2A tumour 

suppressor gene is rarely observed in ^ 

C-ALCL {2870}. A recurrent NPM1-TYK2 ■ 
gene fusion resulting in constitutive ■ 
STAT signalling has been described in ; 

both C-ALCL and lymphomatoid papu- j 

losis {4171}. TYK2 breaks were found in 

15% of primary cutaneous CD30+ iym- 

phoproliferative disorder cases. TP63 
rearrangements have been observed 

in rare C-ALCL cases with an unusually | 

aggressive clinical behaviour {4161}. ' 

Gene expression profiling showed high ' 

expression of the skin-homing chemokine . 

receptor genes CCR10 and CCR8 in 

C-ALCLs, which may explain their affinity : 

for the skin and their low tendency to dis- j 

seminate to extracutaneous sites {4135}. 

Prognosis and predictive factors 
The prognosis is usually favourable, with ; 

a 10-year disease-specific survival rate : 

of approximately 90% {314,2367}. Pa- , 

tients presenting with multifocal skin le- ! 

sions and patients with involvement of 

regional lymph nodes have a prognosis ‘ 

similar to that of patients with only skin 

lesions (314). No differences in clinical : 

presentation, clinical behaviour, or prog¬ 

nosis have been found between cases 

with an anaplastic morphology and cas¬ 

es with a non-anaplastic (pleomorphic or 

immunoblastic) morphology {338,2367, 

4361}. 

Fig. 14.112 Primary cutaneous anaplastic large cell 

lymphoma with confluent sheets of large cells with 

anaplastic morphology. 

Fig. 14.113 Primary cutaneous anaplastic large cell 

lymphoma with cohesive sheets of CD30+ anaplastic 
cells. 

^ % ‘jKl 

Fig. 14.114 Primary cutaneous anaplastic large cell 

lymphoma with a diffuse proliferation of medium-sized 
pleomorphic cells. 
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Primary cutaneous peripheral 
T-cell lymphomas, rare subtypes 

Introduction 

Gaulard P. 

Berti E. 

Willemze R. 

Petrella T. 

Jaffa E.S. 

Peripheral T-cell lymphomas commonly 

involve the skin, either as primary or sec¬ 

ondary manifestations of disease. Within 

this group, three rare provisional entities 

were delineated in the WHO-EORTC 

classification for cutaneous lymphomas 

{4320): primary cutaneous gamma delta 

T-cell lymphoma, primary cutaneous ag¬ 

gressive epidermotropic CD8-1- cytotoxic 

T-cell lymphoma, and primary cutaneous 

CD4+ small/medium T-cell lymphoma. 

The last two entities are still considered 

provisional, and altered terminology is 

proposed for the CD4-I- small/medium 

proliferations. A diagnosis of mycosis 

fungoides must be ruled out by complete 

clinical examination and an accurate clin¬ 

ical history. A new provisional entity has 

been added: primary cutaneous acral 

CD8-1- T-cell lymphoma. 

Primary cutaneous gamma 
delta T-cell lymphoma 

Gaulard P. 

Berti E. 

Willemze R. 

Petrella T. 

Jaffe E.S. 

Definition 
Primary cutaneous gamma delta T-cell 

lymphoma (PCGD-TCL) is a lymphoma, 

involving primarily the skin, composed of 

a clonal proliferation of mature, activated 

gamma delta T cells with a cytotoxic phe¬ 

notype. This group includes cases previ¬ 

ously called subcutaneous panniculitis¬ 

like T-cell lymphoma with a gamma delta 

phenotype. Gamma delta T-cell lympho¬ 

mas presenting primarily in mucosal sites 

Fig. 14.115 Primary cutaneous gamma delta T-cell 

lymphoma. The epidermis is necrotic. 

(in the past referred to as mucocutane¬ 

ous gamma delta T-cell lymphoma) are 

likely unrelated conditions belonging to 

other site-dependent peripheral T-cell 

lymphoma entities {150,1299,3850}. The 

gamma delta T-cell receptor (TCR) may 

also be expressed by rare cases of oth¬ 

erwise classic mycosis fungoides and 

lymphomatoid papulosis, which have the 

same indolent clinical course as cases 

with an alpha beta T-cell phenotype 

{2533,2547,3390). Such cases should 

be diagnosed as mycosis fungoides or 

lymphomatoid papulosis, irrespective of 

TCR expression. 

ICD-0 code 9726/3 

Epidemiology 
PCGD-TCLs are rare, accounting for 

approximately 1% of all cutaneous T- 

celi lymphomas {4031,4320,4321). Most 

cases occur in adults. There is no sex 

predilection. 

Etiology 
The distribution of disease reflects the lo¬ 

calization of normal gamma delta T cells, 

which are believed to play a role in host 

mucosal and epithelial immune respons¬ 

es. Impaired immune function associated 

with chronic antigen stimulation may pre¬ 

dispose individuals to the development 

of PCGD-TCL {150,3850}. 

Localization 
PCGD-TCLs often present with general¬ 

ized skin lesions, preferentially affecting 

the extremities {4031,1493}. 

Fig. 14.116 Primary cutaneous gamma delta T-cell lymphoma. Lesions are clinically diverse, and consist of plaques, 

without ulceration (A) or with ulceration (B), or tumours (C). The lesion may consist of an indurated plaque with 

subcutaneous infiltration (D). 
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Fig. 14.117 Primary cutaneous gamma delta T-cell lymphoma. In this case, the infiltrate is primarily dermal. 

Fig. 14.118 Primary cutaneous gamma delta T-cell lymphoma. Histological patterns are diverse. A Dermal 
infiltration is usually present, and, as seen in B, the infiltrate may extend from the epidermis to the subcutis. 
C,D Panniculitis-like pattern may be seen. 

Clinical features 
The clinical presentation of patients with 
PCGD-TCL is variable. The disease may 
be predominantly epidermotropic and 
present with patches/plaques, Some pa¬ 
tients may present with deep dermai or 
subcutaneous tumours, with or without 
epidermal necrosis and ulceration (359, 
4031,4321}, The lesions are most often 
present on the extremities, but other 
sites may also be affected {4031,4321}, 
Dissemination to mucosal and other ex- 
tranodal sites is frequently observed, 
but involvement of lymph nodes, spleen, 
or bone marrow is uncommon. A hae- 
mophagocytic syndrome is common, in 
particular in patients with panniculitis¬ 
like tumours {4031,4321}. B symptoms, 
including fever, night sweats, and weight 
loss, occur in most patients. 

Imaging 
Abnormal PET and/or CT findings are 
common in sites of active disease {1493). 

Microscopy 
Three major histological patterns of 
involvement can be present in the skin; 
epidermotropic, dermal, and subcuta¬ 
neous. Often more than one histological 
pattern is present in the same patient in 
different biopsy specimens or within a 
single biopsy specimen {359,4031,4321}. 
Epidermal infiltration may occur as mild 
epidermotropism to marked pagetoid re¬ 
ticulosis-like infiltrates {359}. Subcutane¬ 
ous cases may show rimming of fat cells, 
similar to subcutaneous panniculitis-like 
T-cell lymphoma of alpha beta origin, but 
usually show dermal and/or epidermal 
involvement in addition {4031,4321}. The 
neoplastic cells are generally medium¬ 
sized to large, with coarsely clumped 
chromatin {4031), Large blastic cells with 
vesicular nuclei and prominent nucleoli 
are infrequent. Apoptosis and necrosis 
are common, often with angioinvasion 
{4031,4321}. 

Immunophenotype 
The tumour cells characteristically have 
a gamma delta TCR-positive, beta FI¬ 
negative, CD3-r, CD2-I-, CD5-, CD7-r/-, 
CD56+ phenotype with strong expres¬ 
sion of cytotoxic proteins, including 
granzyme B, perforin, and TIA1 {1821, 
3495,4031,4321}. Most cases lack both 
CD4 and CDS, although CD8 may be 
expressed in some cases {4031,4321}. 
The gamma delta T-cell phenotype (TCR 
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Fig. 14.119 Primary cutaneous gamma delta T-cell 

lymphoma. Neoplastic cells Infiltrate the subcutls and 

are positive for T-cell receptor gamma by immunohls- 

tochemistry. 

gamma-positive, beta FI-negative) can 

now be assessed on formalin-fixed, par¬ 

affin-embedded tissue sections in most 

instances {1299,3850). Coexpression of 

TCP gamma and beta FI has been re¬ 

ported in some cases |1310A,3390}, 

Postulated normal counterpart 
Functionally mature and activated cyto¬ 

toxic gamma delta T cells of the innate 

immune system 

Genetic profile 
The cells show clonal rearrangement 

of the TRG and TRD genes. TRB may 

be rearranged or deleted, but is not ex¬ 

pressed. PCGD-TCLs usually express 

V delta 2, consistent with the prevalence 

of V delta 2 gamma delta T cells resid¬ 

ing in the skin (3243). EBV is negative 

{150,3850,4031}. In common with other 

tumours of gamma delta T-cell origin, 

some cases have activating mutations in 

STAT5B anti rarely in STAT3. 
Activation of the JAK/STAT pathway is 

common to many cytotoxic T-cell malig¬ 

nancies {2160}. 

Prognosis and predictive factors 
PCGD-TCLs are usually resistant to 

multiagent chemotherapy and/or radiation 

and have a poor prognosis, with a me¬ 

dian survival of approximately 15 months 

{4031,4321}. Patients with subcutaneous 

fat involvement tend to have a more unfa¬ 

vourable prognosis than do patients with 

epidermal or dermal disease only {4031}. 

However, rare cases with an indolent clin¬ 

ical course have been reported {178,1104, 

1493,3267}. In one recent large series, 

median survival was 31 months {1493}. 

Primary cutaneous CD8+ 
aggressive epidermotropic 
cytotoxic T-ceii iymphoma 

Berti E. 

Gaulard P. 

Willemze R. 

Petrella T. 

Jaffe E.S. 

Definition 
This provisional entity is a cutaneous 

T-cell lymphoma characterized by prolif¬ 

eration of epidermotropic CD8-1- cytotoxic 

T cells and aggressive clinical behaviour. 

Differentiation from other types of cuta¬ 

neous T-cell lymphomas with a CDS-f 

cytotoxic T-cell phenotype is based on 

the clinical presentation, clinical behav¬ 

iour, and certain histological features, 

such as marked epidermotropism with 

epidermal necrosis. 

ICD-0 code 9709/3 

Epidemiology 
This disease is rare, accounting for < 1% 

of all cutaneous T-cell lymphomas {30, 

361,4320}. It occurs mainly in adults. 

There are no known predisposing factors. 

Localization 
Most patients present with generalized 

skin lesions. 

Clinical features 
Clinically, these lymphomas are charac¬ 

terized by localized ulcerated nodules, 

tumours, or plaques, or (more common¬ 

ly) by disseminated eruptive papules, 

nodules, and tumours showing central 

ulceration and necrosis {361,3377,3518}. 

These lymphomas may disseminate to 

Fig. 14.120 Primary cutaneous CD8+ aggressive epi¬ 

dermotropic cytotoxic T-cell lymphoma. Lesions are 

often haemorrhagic, and are associated with ulceration 

and epidermal necrosis. 

Fig. 14.121 Primary cutaneous CD8+ aggressive epi¬ 

dermotropic cytotoxic T-cell lymphoma. The atypical 

lymphoid cells infiltrate in the superficial dermis and 

extend into the epidermis in a pagetoid fashion. 

Other visceral sites (lungs, testes, CNS, 

oral mucosa), but lymph nodes are often 
spared {361,2535,3267,3377}. 

Microscopy 
The histological appearance is very vari¬ 

able, ranging from a lichenoid pattern 

with marked, pagetoid epidermotropism 

and subepidermal oedema (dissemi¬ 

nated variant) to deeper, more-nodular 

and less-epidermotropic infiltrates (lo¬ 

calized variant). The epidermis may be 

acanthotic or atrophic, often with necro¬ 

sis, ulceration, and blister formation {30, 

361,3377}. Invasion and destruction of 

adnexal skin structures are commonly 

seen. Angiocentricity and angioinvasion 

may be present {2546,3377}. Tumour 

cells are small-medium or medium-large, 

with pleomorphic or blastic nuclei {361}. 

Fig. 14.122 Primary cutaneous CD8+ aggressive epi¬ 

dermotropic cytotoxic T-cell lymphoma. Skin section 

stained for CD8, highlighting the marked epidermo¬ 

tropism, with most of the neoplastic cells localized to the 

epidermis. 
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Fig. 14.123 Primary cutaneous acral CD8+ T-cell lymphoma. Dense and monotonous dermal and hypodermal 

infiltrate of the helix. 

Immunophenotype 
The tumour cells characteristically have 

a beta FI-positive, CD3+, CD8+, CD4-, 

granzyme B-positive, perforin-positive, 

TIA1-H, CD45RA-I-, CD45RO- phenotype. 

Most cases lack CDS and CD2, with 

variable expression of CD7 {30,317,361, 

2546,3267,3377,3518}. Most cases are 

CD30-negative {3267,3377}. 

Primary cutaneous aggressive epidermo- 

tropic CD8-I- cytotoxic T-cell lymphoma 

may be histopathologically and pheno- 

typically indistinguishable from a variant 

of lymphomatoid papulosis (type D) char¬ 

acterized by self-healing papules and 

nodules (necrotic lesions) with spontane¬ 

ous resolution {3473}. Clinical information 

is also important, to differentiate from oth¬ 

er CD8-t- cutaneous T-cell lymphomas, in¬ 

cluding CD8-r mycosis fungoides {3267}, 

Postulated normal counterpart 
A skin-homing, CD8-1-, cytotoxic T cell of 

alpha beta type 

Genetic profile 
The neoplastic T cells show clonal TR 

gene rearrangements. Specific genetic 

abnormalities have not been described. 

EBV is negative {317,2546,3377}. 

Prognosis and predictive factors 
These lymphomas have an aggressive 

clinical course, with a median survival 

of 12 months in a recent series {3377}. 

There is no difference in survival be¬ 

tween cases with small or large cell 

morphology {317}, or between cases 

with localized or diffuse lesions {3377}, 

Primary cutaneous acral 
CD8+ T-cell lymphoma 

Petrella T. 

Gaulard P. 

Bert! E. 

Willemze R. 

Jaffe E.S. 

Definition 
Primary cutaneous acral CD8-1- T-cell 

lymphoma is a rare cutaneous tumour 

characterized by skin infiltration of clonal 

atypical medium-sized cytotoxic lym¬ 

phocytes {3156}, The tumour is clinically 

characterized by preferential involvement 

of acral sites (in particular the ears) and 

by a good prognosis. 

ICD-0 code 9709/3 

Synonym 
Indolent cutaneous CD8+ lymphoid 

proliferation 

Epidemiology 
The disease affects adults; no paediatric 

cases have been reported. The median 

patient age is 53 years, and there is a 

male predominance, with a male-to-fe- 

male ratio of 3,2:1 {324,1331,1515,2302, 

2311,3156,3828,3856,4345,4468}. 

Etiology 
There are currently no clues as to the eti¬ 

ology of primary cutaneous acral CD8-1- 

T-cell lymphoma. A local trigger agent 

may be suspected by analogy to Helico¬ 

bacter pylori in gastric MALT lymphoma 

or Borrelia burgdorferi and Chlamydia 

psittaci in skin MALT lymphoma {1198}, 

but to date no infectious or toxic candi¬ 

date has been identified. 

Clinical features 
Cutaneous lesions are most often an iso¬ 

lated reddish papule or nodule measur¬ 

ing from several millimetres to 3-4 cm, 

with a history of slow growth over several 

weeks or months. The most frequent site 

is the ear (61%), generally the helix or 

the conch, rarely the lobe. The nose is 

the second most frequent (22%) site fol¬ 

lowed by the foot (8%). Other skin sites 

(eyelids, hands, leg) are anecdotally re¬ 

ported, Occasionally, lesions are multiple 

{1446}, and in particular bilateral on the 

ears {324,3156} and the feet {4345}. Lo¬ 

cal recurrence after treatment is possi¬ 

ble. In rare eases, recurrence may occur 

at others cutaneous sites {2302,4345}. 

Microscopy 
The tumours are composed of a mo¬ 

notonous dermal proliferation of atypical 

medium-sized lymphocytes with irregular 

and frequently folded nuclei and small nu¬ 

cleoli {3156}. A case with signet ring cells 

has been reported {2311}, Mitoses and 

apoptotic figures are absent or very rare. 

Reactive B-cell lymphoid aggregates of 

follicles may be seen within the atypical 

infiltrate. Plasma cells, histiocytes, neutro- 

Fig. 14.124 Primary cutaneous acral CD8+T-cell lymphoma. A Nodule of the right helix. B Nodule of the nose. C 

Nodule/plaque of the left foot. 
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Fig. 14.125 Primary cutaneous acral CD8+ T-cell lym¬ 

phoma. At high power, the infiltrate is monomorphic and 

composed of atypical lymphoid cells, with some 

nuclear irregularity and fine chromatin. 

Fig. 14.128 Primary cutaneous acral CD8+ T-cell 

lymphoma. Fewer than 10% of the tumour cells are 

positive for Ki-67. 

phils, and eosinophils are absent or very 

rare. The epidermis is most often spared, 

with a grenz zone. Occasionally, minimal 

insignificant epidermotropism may be 

seen {1446,1515}. Skin appendages are 

always spared, and angiotropism, an- 

giodestruction, and necrosis are never 

seen. The proliferation frequently involves 

the underlying fat tissue. 

Immunophenotype 
The tumoural infiltrate is composed of 

T cells that express CDS, CDS, TIA1, 

and beta FI. TIA1 displays Golgi dot-like 

staining. CD4 is always negative, CD2, 

CD5, and CD7 are regularly positive but 

one or more of them can be lost or weak. 

Granzyme B and perforin are generally 

negative but may occasionally be posi¬ 

tive. CD56, CD57, CD30, and TdT are 

always negative, as are the T follicular 

helper (TFH) cell markers (CD10, BCL6, 

PDI, and CXCL13) {1446}. CD68 is fre¬ 

quently positive, displaying as does TIA1, 

Golgi dot-like staining {4345). In the vast 

majority of cases, the Ki-67 proliferation 

index is very low (<10%). A few typical 

cases with a high proliferation index have 

been reported {4468}; however, when 

the proliferation index is >50%, other 

Fig. 14.126 Primary cutaneous acral CD8+ T-cell 

lymphoma. Diffuse CD8 positivity in the dermis, with a 
grenz zone. 

Fig. 14.127 Primary cutaneous acral CD8+ T-cell 

lymphoma. TIA1 shows Golgi dot-like immunostaining. 

Fig. 14.129 Primary cutaneous acral CD8+ T-cell lym¬ 

phoma. Several atypical cells show Golgi dot-like stain¬ 

ing for CD68 (PGM1), besides normally stained reactive 

histiocytes. 

Fig. 14.130 Primary cutaneous acral CD8+ T-cell 

lymphoma. Infiltration of cutaneous fat tissue and nasal 

ala muscle. 

CD8-I- cutaneous lymphomas should 

be carefully considered {3377}. Staining 

for B-cell markers (CD20, CD79a) might 

reveal reactive B-cell aggregates or folli¬ 

cles. LMP1 and EBV-encoded small RNA 

(EBER) are negative. 

Postulated normal counterpart 
The postulated normal counterpart Is 

a skin-homing CD8-i- T cell. Flowever, 

cases that are very similar in terms of 

morphology, phenotype, and clinical out¬ 

come have also been reoently described 

in the gastrointestinal tract {3145} and 

genital tract {3863}, suggesting a new 

lymphoma entity arising from tissue-resi¬ 

dent CD8-I- memory T cells. 

Genetic profile 
The neoplastic T cells show clonal TRG 

gene rearrangements. Specific genetic 

abnormalities have not yet been de¬ 

scribed, EBV is negative. 

Prognosis and predictive factors 
The tumour has a very good prognosis. 

Complete remission after surgical exci¬ 

sion or radiotherapy is the rule. Local 

or extra-site skin recurrence may occur. 

There Is no evidence of dissemination 

to other organs or lymphoid tissue. No 

chemotherapy is needed. It is impor¬ 

tant to recognize this disease to avoid 

overtreatment. 

Primary cutaneous CD4+ 
small/medium T-cell 
lymphoproliferative disorder 

Gaulard P. 

Berti E. 

Willemze R. 

Petrella T. 

Jaffe E.S. 

Definition 
Primary cutaneous CD4-I- small/medium 

T-cell lymphoproliferative disorder is char¬ 

acterized by a predominance of small to 

medium-sized CD4-I- pleomorphic T cells, 

and by presentation with a solitary skin le¬ 

sion in almost all cases, without evidence 

of the patches and plaques typical of my¬ 

cosis fungoides. Because these cases 

have the same clinicopathological features 

and benign clinical course as cutaneous 

pseudo-T-cell lymphomas with a nodular 

growth pattern {323,626,3267}, the term 
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Fig. 14.131 Primary cutaneous CD4+ small/medium T-cell lymphoproliferative disorder. A Typical presentation as a 

solitary lesion on the scalp. B The lesion is usually a single raised erythematous nodule. 

Fig. 14.132 Primary cutaneous CD4+ small/medium T-cell lymphoproliferative disorder. A Atypical lymphoid cells 

form a dense infiltrate in the dermis, but do not extend into the epidermis. B Atypical lymphoid cells form a dense 

infiltrate in the dermis. C The lymphoid cells are small to medium-sized, with mild pleomorphism. Admixed histiocytes 

or plasma cells may be present, and histiocytes can be abundant in some cases. 

‘primary cutaneous CD4-I- small/medium 

T-cell lymphoproliferative disorder’ is pre¬ 

ferred, rather than ‘primary cutaneous 

CD4-I- small/medium T-cell lymphoma’. 

Rare cases presenting with widespread 

skin lesions, large rapidly growing tu¬ 

mours, >30% large pleomorphic T cells, 

and/or a high proliferative fraction do not 

belong to this group {1298,1471). Such 

cases usually have a more aggressive 

clinical behaviour and are better classified 

as peripheral T-cell lymphoma, NOS. 

ICD-0 code 9709/1 

Synonym 
Primary cutaneous CD4-I- small/medium 

T-cell lymphoma (no longer used) 

Epidemiology 
This is a rare disease, accounting for 2% 

of all cutaneous T-cell lymphomas (4320). 

Localization 
These lesions usually present as a soli¬ 

tary plaque or nodule, most commonly 

on the face, neck, or upper trunk (317, 
323,626,1298,1471,1832,3267). 

Clinical features 
Patients are asymptomatic; a single slow- 

growing skin lesion is the sole manifes¬ 

tation of disease. In rare cases, multiple 

lesions are present {323,626). By defini¬ 

tion, there should be no patches typical 

of mycosis fungoides. 

Microscopy 
These lymphomas show dense, diffuse, 

or nodular infiltrates within the dermis, 

with a tendency to infiltrate the subcutis. 

Epidermotropism may be present local¬ 

ly, but if epidermotropism is conspicu¬ 

ous, the diagnosis of mycosis fungoides 

should be considered. There is a pre¬ 

dominance of small/medium-sized pleo¬ 

morphic T cells {317,323,626,1298,1471, 

1832,3267,3391). A small proportion 

(<30%) of large pleomorphic cells may 

be present {320). In almost all cases, the 

atypical CD4-i- T cells are admixed with 

small reactive CD8-t- T cells, B cells, plas¬ 

ma cells, and histiocytes (including multi- 

nucleated giant cells) {323,626,3391). 

Immunophenotype 
By definition, these proliferations have a 

CD3-I-, CD4-I-, CD8-, CD30- phenotype. 

Loss of pan-T-cell antigens (except for 

CD7) is uncommon, and cytotoxic pro¬ 

teins are not expressed {323,626,1471, 

3391). Atypical CD4-i- T cells express 

PD1, BCL6 (variable), and CXCL13, sug¬ 

gesting T follicular helper (TEH) cell deri¬ 

vation {626,3391). CD10 is usually nega¬ 

tive. The Ki-67 proliferation index is low 

(typically 5%, and at most 20%). 

Postulated normal counterpart 
A skin-homing CD4-I- T cell with TFH-cell 

characteristics 

Genetic profile 
TR genes are clonally rearranged in most 

cases {626,3391). Specific genetic ab¬ 

normalities have not been described. 

EBV is negative. 

Prognosis and predictive factors 
Patients have an excellent prognosis. In- 

tralesional steroids, surgical excision, and 

radiotherapy are preferred modes of treat¬ 

ment {323,626,1471). Spontaneous remis¬ 

sion after biopsy has been reported {626, 

1471,1832). Local recurrences are rare. 
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Table 14.09 Differential diagnosis of nodal peripheral T-cell lymphoma, NOS 

Disease Immunophenotypic features 

Peripheral T-cell lymphoma, NOS CD4 > CDS; antigen loss frequent (CD7, CDS, CD4/CD8, CD52); 

GATA3-/+; TBX21-/+; cytotoxic granules-/+; CD30-/+; CD56-/+; 

rare cases EBV+ 

Angioimmunoblastic T-cell 

lymphoma 

CD4+; expression of at least two (preferably three) of the following 

TFH-cell markers: CD10, BCL6, PD1, CXCL13, CXCR5, ICOS, SAP; 

hyperplasia of FDCs (CD21 +) and HEVs (MECA79+): 

EBV+ CD20+ B blasts 

Nodal peripheral T-cell lymphoma 

with TFH phenotype 

Expression of at least two (preferably three) of the following 

TFH-cell markers: CD10, BCL6, PD1, CXCL13, CXCR5, ICOS, SAP; 

no hyperplasia of FDCs or HEVs 

Adult T-cell leukaemia/lymphoma CD4+; CD25+; CD7-; CD30-/+; CD15-/+; FOXP3-/+ 

ALK+ anaplastic large cell lymphoma CD30+; ALK+; EI\/IA+; CD25+; cytotoxic granules+/-, CD4+/-; 

CD3-/+; CD43+ 

ALK- anaplastic large cell lymphoma CD30+; EMA+; CD25+; cytotoxic granules+/-; CD4+/-; CD3-/+; 

CD43+; PAX5/BSAP- 

T-cell/histiocyte-rich large B-cell 

lymphoma 

Large CD20+ blasts in background of reactive T cells with 

complete phenotypic profile 

T-zone hyperplasia Expansion of T cells with complete phenotypic profile and 

mixed CD4/CD8, variable CD25 and CD30; scattered CD20+ B cells 

+, nearly always positive; +/-, majority positive; -/+, minority positive; negative 

FDC, follicular dendritic cell; HEV: high endothelial venule; TFH, T follicular helper 

! Definition 
I Peripheral T-cell lymphoma (PTCL), 

j NOS, is a heterogeneous oategory of 

i nodal and extranodal mature T-cell lym- 

! phomas that do not correspond to any of 

I the specifically defined entities of mature 

j T-cell lymphoma in the current classifi- 

j cation (Table 14.09). Excluded from this 

I category are tumours with a T follicular 

helper (TFH) cell phenotype, as defined 

by the expression of at least two (ideally 

. three) of the following markers: CD10, 

I BCL6, PD1. CXCL13, CXCR5, ICOS, and 

I SAP {34,2231,2496), PTCL, NOS, nearly 

j always presents in adults, and has an 

I aggressive clinical course. 

ICD-O code 9702/3 

■ T-cell lymphoma, NOS; peripheral T-cell 

i lymphoma, pleomorphic small cell; peri¬ 

pheral T-cell lymphoma, pleomorphic 

I medium and large cell; peripheral T-cell 

i lymphoma, large cell; lymphoepithelioid 

lymphoma; Lennert lymphoma 

I Epidemiology 
: These tumours account for approxlma- 

: tely 30% of PTCLs in western countries 

{3365). Most patients are adults. These 

lymphomas are very rare in children. The 

male-to-female ratio is 2:1. 

Etiology 
The infection of neoplastic cells by EBV 

Is reported in a small number of cases, in 

which the virus plays a pathogenetic role 

{178,1068,1505,4298). More commonly, 

EBV may be found in background B cells. 

Localization 
Most patients present with peripheral 

lymph node involvement, but any site can 

be affected. Advanced-stage disease is 

common, with secondary involvement of 

the bone marrow, liver, spleen, and ex¬ 

tranodal tissues {3365). The peripheral 

blood is sometimes involved, but leukae- 

mic presentation is uncommon {3365). 

Extranodal presentations can occur, most 

commonly in the skin and gastrointestinal 

tract {3365). In this setting, the diagnosis 

of PTCL, NOS, should be made only after 

more specific entities have been exclud¬ 

ed, Other less frequently involved sites 

include the lungs and CNS {2632). 

Clinical features 
Patients most often present with lymph 

node enlargement, and most have 

Fig. 14.133 Peripheral T-cell lymphoma, NOS, with prominent clear-cell features (A,B) or large lymphoid cells with vesicular, immunoblast-like nuclei (C). 
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Fig. 14.134 Peripheral T-cell lymphoma, NOS. A Diffuse infiitrates of large lymphoid cells with pleomorphic, Irregular 

nuclei and prominent nucleoli. B Between the neoplastic cells, there are scattered eosinophils and numerous 

vessels, C Nuclei are markedly pleomorphic and muitilobed. D In some cases, nuclei are round and monomorphic 

in appearance. 

advanced disease with B symptoms 

{3365). Paraneoplastic features such 

as eosinophilia, pruritus, or (rarely) hae- 

mophagocytio syndrome may be seen 

{3365), 

Microscopy 
In the lymph node, these lymphomas 

show paracortical or diffuse infiltrates with 

effacement of the normal architecture. 

The cytological spectrum is extremely 

broad, from polymorphous to monomor¬ 

phic. Most cases consist of numerous 

medium-sized and/or large cells with ir¬ 

regular, pleomorphic, hyperchromatic, or 

vesicular nuclei; prominent nucleoli; and 

many mitotic figures {1557,1816}, Clear 

cells and Reed-Sternberg-like cells can 

also be seen. Rare cases have a pre¬ 

dominance of small lymphoid cells with 

atypical, irregular nuclei. Hyperplasia of 

high endothelial venules and/or follicu¬ 

lar dendritic cells and the open marginal 

sinuses characteristic of angioimmuno- 

blastic T-cell lymphoma (AITL) are not 

usually seen (1557,1816). An inflammato¬ 

ry background is often present, including 

small lymphocytes, eosinophils, plasma 

cells, large B cells (which may be clonal 

irrespective of EBV infection) {4258), and 

clusters of epithelioid histiooytes. Epithe¬ 

lioid histiocytes are particularly numerous 

in the lymphoepitheiioid variant. Extran- 

odal involvement takes the form of dif¬ 

fuse infiltrates composed of similar cells. 

In the skin, the lymphomatous population 

tends to infiltrate the dermis and subcu¬ 

tis, often producing nodules, which may 

undergo central necrosis (3110). Epider- ■ 
motropism, angiocentricity, and adnexal 

involvement are sometimes seen (3110). 

In the spleen, the pattern is variable, from 

solitary or multiple fleshy nodules to dif- - 

fuse white pulp involvement with coloni¬ 

zation of the periarterlolar sheaths or, in ■ 
some cases, predominant infiltration of ' 

the red pulp (641). 

Variants 
Lymphoepitheiioid lymphoma 
This variant, also known as Lennert lym¬ 

phoma, shows diffuse or (less common¬ 

ly) interfollicuiar growth. Cytologically, | 

it consists predominantly of small cells ; 

with slight nuclear irregularities; numer¬ 

ous and sometimes confluent clusters of - 

epithelioid histiocytes; and some larger, 

more atypical, proliferating blasts. There | 

can be admixed inflammatory cells and 

scattered Reed-Sternberg-like B cells 

(usually EBV-positive). High endothelial , 

venules are not prominent, in most cases, 

the neoplastic cells are CD8-positive and , 

have a cytotoxic profile (34,1321,1569, ■, 

4411), This variant may have a somewhat 

better prognosis than do other forms of ' 

PTCL, NOS. 

Other variants 
The follicular variant included within the 

PTCL, NOS, category in the 2008 edi- : 

tion of the WHO classification has been 

moved to the category of AITL and other ; 

nodal lymphomas of T follicular helper 

cell origin in this update. 

The same is true for a proportion of cases ' 

previously designated as the T-zone vari- { 

ant, because they usually have a TFH- 

cell phenotype (34). Thus, the growth of i 

atypical small T lymphocytes around flor¬ 

id reactive germinal centres {3463,4258) 

is no longer considered to be a variant 

of PTCL, NOS, but rather a non-specific 

Fig. 14.135 Peripheral T-cell lymphoma, NOS. 

Neoplastic cells express CD3. 

Fig. 14.136 Peripheral T-cell lymphoma, NOS. 

Neoplastic cells express T-cell receptor beta as asses¬ 

sed by beta FI monoclonal antibody staining. 

Fig. 14.137 Peripheral T-cell lymphoma, NOS. 

Neoplastic cells lack CDS expression. Note the 

presence of some reactive T lymphocytes, which serve 

as an internal control. 
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I morphological pattern. This pattern may 

^ sometimes be mistaken for benign para- 

! cortical hyperplasia. 

: Primary EBV-positive nodal T-cell or 

NK-cell lymphomas have been reported 

I {178,718,1505,1901}. These usually have 

i a monomorphic pattern of infiltration and 

lack the angiodestruction and necrosis 

' seen in extranodal NK/T-cell lympho- 

i ma. They are more common in elderly 

patients, or in the setting of immune de¬ 

ficiency. For the time being, they are 

' considered a variant of peripheral T-cell 

: lymphoma, NOS, but may be designated 

as a separate entity with more data. 

I Immunophenotype 
PTCL, NOS, is usually characterized by 

' an aberrant T-cell phenotype with fre¬ 

quent downregulation of CD5 and CD7 

i {4298} (see Table 14.09, p. 403). A CD4+/ 

CD8- phenotype predominates in nodal 

cases. CD4/CD8 double-positivity or 

: double-negativity is sometimes seen, 

as is CD8, CD56, and cytotoxic granule 

expression (e.g. TIA1, granzyme B, and 

perforin) {4298}, T-cell receptor beta 

' (beta FI) is usually expressed, facilitat¬ 

ing the distinction from gamma delta T- 

[ cell lymphomas and NK-cell lymphomas, 

GDI5 may be positive, and may be coex¬ 

pressed with CD30 in rare cases {277}, 

! Such cases may show features overlap¬ 

ping with those of ALK-negative (ALK-) 

anaplastic large cell lymphoma (ALCL), 

; but are classified as PTCL, NOS, under 

I the current guidelines. CD15 expression 

; is associated with an adverse prognosis 

S 142981. 

Fig. 14.138 Peripheral T-cell lymphoma, NOS. A Neoplastic cells express CD4. B In the same case, neoplastic 

cells lack CD8 expression. Note the presence of some reactive T lymphocytes, which serve as an internal control. 

Fig. 14.139 Peripheral T-cell lymphoma, NOS. 

Neoplastic cells express the cytotoxic marker TIA1. 

Fig. 14.140 Peripheral T-cell lymphoma, NOS. Neo¬ 

plastic cells show partial and variable expression of 

CD30. 

Fig. 14.141 Peripheral T-cell lymphoma, NOS. Most 

neoplastic cells express TBX21. 

Fig. 14.143 Peripheral T-cell lymphoma (PTCL), NOS. Gene expression profiling identifies two main subgroups of PTCL, NOS, characterized by overexpression of TBX21 and 

GATA3, respectively. The former is associated with a more favourable clinical course, with longer overall survival (OS). 
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Fig. 14.144 Peripheral T-cell lymphoma, NOS. Note the marked pleomorphism of the neoplastic population. Upper 

inset: High Ki-67 labelling. Lower inset: Beta FI staining. 

Fig. 14.145 Peripheral T-cell lymphoma, NOS, lymphoepithelioid variant. Neoplastic cells are admixed with prominent 

epithelioid histiocytic clusters, which tend to obscure the lymphomatous growth (Giemsa stain). 

The expression of TBX21 (also known as 

T-BET) and GATA3 may be relevant for 

the subclassification of PTCL, NOS (see 

also Genetic profile and Prognosis and 
predictive factors) (1775,4253). The ex¬ 

pression of a single TFH-celi marker can 

sometimes be observed, CD52 is pres¬ 

ent in 40% of cases (656,3170,3383). 

CD30 is detected in >25% of the cells in 

half of the cases (427,3467) and in some 

instances is used as a target of immuno- 

toxins (2965,4442), although the cut-off 

value of CD30 expression required for 

effective treatment remains elusive (1160, 

1701). PTCL, NOS, with high CD30 ex¬ 

pression does not seem to respond as 

well as does ALK- ALCL (3172,3536), 

Aberrant expression of CD20 and/or 

CD79a, as well as of CD15, is occasion¬ 

ally encountered (277,4258,4298), Prolif¬ 

eration is usually high, and a Ki-67 prolif¬ 

eration index >70% is associated with a 

worse prognosis (4298), 

Postulated normal counterpart 
Activated mature T cells, typically of the 

CD4-I- central memory type of the adap¬ 

tive immune system (1320,3169) 

Genetic profile 
Antigen receptor genes 
TR genes are clonally rearranged in most 

cases (3365), 

Cytogenetic abnormalities and 
oncogenes 
These are usually highly aberrant neo¬ 

plasms with complex karyotypes and re¬ 

current chromosomal gains and losses 

(1573,3365,3992,4472), Genomic im¬ 

balances have been reported, affecting 

several regions containing members of 

NF-kappaB signalling and genes involved 

In cell-cycle control (1573). The genetic 

aberrations observed in PTCL, NOS, differ 

from those of otherT-cell lymphomas, such 

as AITL and ALCL (3992,4472). Gene ex¬ 

pression profiling and microRNA profiling 

studies have revealed distinctive signa¬ 

tures distinct from those of AITL and ALK-i- 

and ALK- ALCL (31,243,842,905,1774, 

1775,2184,2364,2617,3169,3172,3202). 

Gene expression profiling has also al¬ 

lowed the identification of groups of PTCL, 

NOS, cases characterized by the expres¬ 

sion of TBX21 (also known as T-BET) or 

GATA3 (1775). The former group includes 

some cases with a cytotoxic profile (1775). 

Although TBX21 and GATA3 are transcrip¬ 

tion factors that are master regulators of 

gene expression profiles in T helper (Th) 

cells, skewing Th cell polarization into Thi 

cell and Th2 cell differentiation pathways, 

respectively (900,1775), further studies 

are needed to confirm them as definitive 

markers of Thi-cell-derived and Th2-cell- 

derived neoplasms, Immunohistochemi- 

cal surrogate markers have been used in 

lieu of gene expression profiling studies, 

and may have prognostic significance 

(4253) (see Prognosis and predictive fac¬ 
tors). In comparison to normal T lympho¬ 

cytes, PTCL, NGS, is characterized by the 

recurrent deregulation of genes involved 

in relevant cell functions (e.g. matrix depo¬ 

sition, cytoskeleton organization, cell ad¬ 

hesion, apoptosis, proliferation, transcrip¬ 

tion, and signal transduction) (3169). The 

products of these genes might have thera¬ 

peutic relevance (842,3169). For example, 

overexpression of PDGFRA (likely due to 

an autocrine loop) can herald sensitivity 

to tyrosine kinase inhibitors (2192,3174). 

Although recurrent mutations have been 

reported in AITL and other nodal PTCLs 

of TFH-cell origin (523,900,1010A,2264, 

3040,3176,3395,3485,4238,4428,4429), 
it is still unclear whether similar alterations 

are seen in PTCL, NCS. Two publications 

based on small series of PTCL, NCS, cas¬ 

es (3552,3683) reported different recur¬ 

rent mutations, findings that do not allow a 

firm conclusion as to the mutational land¬ 

scape of the tumour. Two recent studies 

reported activating mutations or transloca¬ 

tions of VAV1 in 10-15% of cases of PTCL, 

NGS (7A,396A) 

Differential diagnosis 
Now that the PTCLs with TFH-cell phe¬ 

notype are excluded from this category, 

the distinction of PTCL, NGS, from AITL 

is less of a problem. More problematic 
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remains the distinction from ALK- ALCL, 

In fact, CD30 is highly expressed by 

a subset of PTCL, NOS {427,3467). On 

morphological and Immunohistocheml- 

cal grounds, the simultaneous occur¬ 

rence of hallmark cells (with kidney¬ 

shaped or horseshoe-shaped nuclei), 

strong and uniform CD30 positivity, EMA 

positivity, and cytotoxic marker expres¬ 

sion is characteristic of ALK- ALCL and 

not observed in PTCL, NOS {1775,3172}. 

The gene and microRNA signatures of 

ALK- ALCL are much closer to those of 

ALK+ ALCL than to those of PTCL, NOS 

{31,1774,1775,2364,3202). Importantly, 

ALK- ALCL carries genomic aberrations 

(e.g. DUSP22 and TP63 rearrangement) 

that to date have not been reported in 

PTCL, NOS {402,836,3069). 

Prognosis and predictive factors 
These are highly aggressive lympho¬ 

mas with a poor response to therapy, 

frequent relapses, and low 5-year over¬ 

all survival and failure-free survival rates 

(20-30%) {3365}. The only factors con¬ 

sistently associated with prognosis are 

stage and International Prognostic Index 

(IPI) score {3365}. New scoring systems 

have recently been developed {1282, 

4298). Involvement of the bone marrow 

and a Ki-67 proliferation index >70% 

have been proposed as negative prog¬ 

nostic factors, but further confirmation 

is needed. EBV positivity, NF-kappaB 

pathway deregulation, a high prolifera¬ 

tion signature by gene expression, trans¬ 

formed cells > 70%, a GATA3 or cytotoxic 

profile, and CD30 expression in most or 

all cells have been found to correlate with 

a poor prognosis {164,842,1068,2184, 

3172,3536,4217,4283,4298). Upfront au¬ 

tologous stem cell transplantation seems 

to significantly improve both overall and 

relapse-free survival {855}. 

Angioimmunoblastic T-cell lymphoma 
and other nodal lymphomas of 
T follicular helper cell origin 

Dogan A. 

Gaulard P. 

Jaffe E.S. 

Muller-Hermelink H.K. 

de Leval L. 

Since the recognition of T follicular helper 

(TFH) cells as a unique physiological 

subset of T helper (Th) cells with a char¬ 

acteristic phenotype, it has been discov¬ 

ered that a subset of peripheral T-cell 

lymphomas have phenotypic features of 

TFH cells. These lymphomas are thought 

to constitute the neoplastic counterpart 

of TFH cells {905,1470}. The best-stud¬ 

ied of these is angioimmunoblastic T-cell 

lymphoma, in which the neoplastic cells 

have a TFH-cell gene expression sig¬ 

nature and express many of the TFH- 

cell-associated markers, such as CD10, 

CXCL13, BCL6, ICOS, CXCR5, SAP, MAF 

(also called c-MAF), and (in most oases) 

CD200 {177,1028,1067,1470,2108,2496, 

3399). Additionally, a number of nodal 

peripheral T-cell lymphomas previous¬ 

ly olassified within the peripheral T-cell 

lymphoma, NOS, category have recently 

been shown to have a TFH-cell pheno¬ 

type {179,906,1010A,1729). Such cases, 

including so-called follicular T-cell lym¬ 

phoma, show some morphological, im- 

munophenotypic, genetic, and clinical 

overlap with angioimmunoblastic T-cell 

lymphoma but also have a number of 

unique, distinctive features as discussed 

Immune deregulation, altered 
immune surveillance 

Fig. 14.146 Pathogenetic model of angioimmunoblastic T-cell lymphoma (AITL). In AITL, a complex network of 

interactions take place between the tumour cells and the various cellular components of the reactive microenvironment, 

the molecular mediators of which have been partly deciphered. Various factors released by T follicular helper (TFH) 

cells are involved in B-cell recruitment, activation, and differentiation (CXCL13); in the modulation of other T-cell 

subsets (IL21, IL10, TGF-beta); and in promoting vascular proliferation (VEGF, angiopoietin), and may also act as 

autocrine factors. CXCL13 may also attract mast cells (MCs). which are a source of IL6, promoting T helper 17 (Th17) 

cell differentiation. EBV reactivation occurs in the context of a deregulated immune response, which also favours the 

expansion of both TFH cells and B cells. TGF-beta is a mediator of follicular dendritic cell (FDC) differentiation and 

proliferation, and FDCs, in turn, are a source of CXCL13 and VEGF. 
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below. For these reasons, in this update, 

they have been included under the 

broader category of nodal lymphomas of 

TFH-cell origin with angioimmunoblastic 

T-cell lymphoma, but are summarized 

separately. Cutaneous T-cell lymphomas 

and lymphoproliferative disorders ex¬ 

pressing TFH-cell markers are excluded 

from this group of neoplasms. 

Angioimmunoblastic T-cell 
lymphoma 

Definition 
Angioimmunoblastic T-cell lymphoma 

(AITL) is a neoplasm of mature T folli¬ 

cular helper (TFH) cells characterized by 

systemic disease and a polymorphous 

infiltrate involving lymph nodes, with a 

prominent proliferation of high endo¬ 

thelial venules (HEVs) and follicular den¬ 

dritic cells (FDCs). EBV-positive B cells 

are nearly always present, and in some 

cases constitute a significant part of the 

cellular infiltrate. Recent studies using 

next-generation sequencing have identi¬ 

fied recurrent mutations that help to unify 

AITL with other T-cell neoplasms derived 

from TFH cells. The disease is clinically 

aggressive and seen mainly in older 

adults, 

ICD-0 code 9705/3 

Synonyms and historical terminology 
Peripheral T-cell lymphoma, angio¬ 

immunoblastic lymphadenopathy with 

dysproteinaemia; (obsolete); immuno- 

blastic lymphadenopathy (obsolete); lym¬ 

phogranulomatosis X (obsolete) 

AITL, previously designated as angio¬ 

immunoblastic lymphadenopathy, was 

thought to be an atypical reactive pro¬ 

cess, with an increased risk of progres¬ 

sion to lymphoma. Overwhelming evi¬ 

dence now indicates that AITL arises de 

novo as a peripheral T-cell lymphoma 

(PTCL) {901,1013}. 

Epidemiology 
AITL occurs in middle-aged and elderly 

individuals, with a higher incidence in 

males than in females {901). It is one of 

the most common specific subtypes of 

PTCL, accounting for 15-30% of non- 

cutaneous T-cell lymphomas and 1-2% 

of all non-Hodgkin lymphomas {904, 

3464,4217}. 

Etiology 
The strong association with EBV infec¬ 

tion suggests a possible role for the virus 

in the etiology, possibly through antigen 

drive {1061}. However, the neoplastic 

T cells are EBV-negative. 

Localization 
The primary site of disease is the lymph 

node, and virtually all patients present 

with generalized lymphadenopathy. The 

spleen, liver, skin, and bone marrow are 

also frequently involved {901,1013,1169, 

2767}. 

Clinical features 
AITL typically presents with advanced- 

stage disease, generalized lymphade¬ 

nopathy, hepatosplenomegaly, systemic 

symptoms, and polyclonal hypergam- 

maglobulinaemia {1013,2181,2767,3674}, 

Skin rash, often with pruritus, is frequent¬ 

ly present. Other common findings are 

pleural effusion, arthritis, and ascites. 

Laboratory findings include circulating 

immune complexes, cold agglutinins 

with haemolytic anaemia, positive rheu¬ 

matoid factor, and anti-smooth muscle 

antibodies. 

Patients exhibit immunodeficiency sec¬ 

ondary to the neoplastic process. In most 

cases (75%), expansion of EBV-positive 

B cells is seen, which is thought to be a 

consequence of underlying immune dys¬ 

function {92,938,4288}. 

Microscopy 
AITL is characterized by partial or total 

effacement of the lymph node architec¬ 

ture, often with perinodal infiltration but 

sparing of the peripheral cortical sinus¬ 

es. Cytologically, the neoplastic T cells of 

AITL are small to medium-sized lympho¬ 

cytes, with clear to pale cytoplasm, dis¬ 

tinct cell membranes, and minimal cyto- 

logical atypia. They frequently form small 

clusters, often adjacent to HEVs. Vascu¬ 

larity is often prominent, with arborization 

of HEVs in the paracortex. The neoplastic 

cells are present in a polymorphous in¬ 

flammatory background containing vari¬ 

able numbers of reactive lymphocytes, 

histiocytes, plasma cells, and eosino¬ 

phils. The cellular density varies, and in 

Fig. 14.147 Histological patterns of angioimmunoblastic T-cell lymphoma (AITL). A Early involvement by AITL 

characterized by bare, hyperplastic follicles with paracortical expansion and marked vascular proliferation 

associated with perifollicular or atypical lymphoid cells (pattern 1). B Case with depleted/atrophic follicles reminiscent 

of Castleman disease and marked perifollicular expansion of clear cells (pattern 2), C Classic morphology with 

effacement of normal architecture and marked vascular proliferation associated with aggregates of atypical lymphoid 
cells (pattern 3). 
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Fig. 14.148 Angioimmunoblastic T-cell lymphoma. A Pattern 3. Typical cytology of neoplastic T cells with intermediate-sized nuclei and copious pale/clear cytoplasm. B The 
infiltrate is composed of medium-sized to large lymphoid cells with abundant clear cytoplasm. 

some cases there is amorphous intersti¬ 

tial precipitate, producing a hypocellular 

appearance. 

! Three overlapping patterns are recog¬ 

nized {177}. In pattern 1, the neoplastic 

cells surround hyperplastic follicles with 

well-formed germinal centres, but often 

lacking well-defined mantle cuffs {3328}. 

Pattern 1 is difficult to distinguish from 

reactive follicular hyperplasia, and immu- 

nohistochemical stains are necessary to 

highlight the neoplastic T cells with their 

characteristic TFH-cell phenotype. In 

pattern 2, remnants of follicles remain but 

show regressive changes. The neoplastic 

cells are more readily identified in the ex¬ 

panded paracortex. In pattern 3, the ar¬ 

chitecture is totally or subtotally effaced; 

remnants of regressed follicles may be 

seen in the outer cortex, displaced by 

the expanded paracortex. Progression 

from pattern 1 to pattern 3 in consecutive 

biopsies has been reported {3387). 

In advanced cases, the inflammatory 

component may be diminished, and the 

■ proportion of clear cells and large cells 

may increase (so-called tumour cell-rich 

AITL), which may simulate a PTCL, NOS. 

In such cases, demonstration of a TFH- 

cell immunophenotype and the presence 

of expanded FDC meshworks are helpful 

in diagnosis {178}. In some cases, there 

may be a prominent infiltrate of reac¬ 

tive epithelioid histiocytes, mimicking a 

granulomatous reaction and resembling 

lymphoepithelioid lymphoma {34,178). 

The polymorphic infiltrate is frequently 

associated with increased extrafollicular 

FDC meshworks, which are most promi¬ 

nent around the HEVs. The neoplastic 

cells are often arranged in clusters, sur¬ 

rounded by dendritic processes and 

highlighted by CD21. 

Variable numbers of B immunoblasts are 

usually present in the paracortex, which 

may be positive or negative for EBV by in 

situ hybridization for EBV-encoded small 

RNA (EBER). EBV-positive B cells are 

present in 80-95% of cases. They range 

in size, and expansion of B immunob¬ 

lasts may be prominent {4288,4470}. The 

EBV-positive B immunoblastic prolifera¬ 

tion may progress, either composite with 

AITL or at relapse, to EBV-positive dif¬ 

fuse large B-cell lymphoma {182,4470}. 

EBV-positive Reed-Sternberg-like cells 

of B-cell lineage may be present and 

may simulate classic Hodgkin lymphoma 

{178,3265}. In rare cases, EBV-negative 

Reed-Sternberg-like cells of B-cell line¬ 

age may be present {2868}. Flasma cells 

may be very abundant, in rare cases 

obscuring the neoplastic T cells {238A, 

1736A}. The plasma cells are usually pol¬ 

yclonal, but may be monoclonal in some 

cases. The expansion of normal B cells 

and plasma cells in the lesions has been 

linked to the functional properties of the 

neoplastic TEH cells {1061}. 

Immunophenotype 
The neoplastic T cells express most 

pan-T-cell antigens (e.g. CD3, CD2, and 

CD5) and in the vast majority of cases 

are positive for CD4. Surface CD3 may 

be reduced or absent by flow cytometry 

{679,3684}. Variable numbers of reactive 

CD8-I- T cells are present. Characteristi¬ 

cally, the tumour cells show the immuno¬ 

phenotype of normal TEH cells, express¬ 

ing CD10, CXCL13, ICOS, BCL6, and 

FDI (CD279) in 60-100% of cases {177, 

905,1026,1470,3399). This phenotype is 

helpful in distinguishing AITL from atypi¬ 

cal paracortical hyperplasia and other 

FTCLs {1067,1469}, as well as in diag¬ 

nosing extranodal dissemination {180, 

284,2993). None of these markers is TEH 

cell-specific, and conversely, although 

several TEH-cell markers can usually 

be detected in the neoplastic cells, both 

Fig. 14.149 Angioimmunoblastic T-cell lymphoma, 

pattern 1. CD10 staining highlights neoplastic T cells 

surrounding the hyperplastic germinal centres. 
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Fig. 14.150 Angioimmunoblastic T-cell lymphoma, 

pattern 3, expressing PD1. 
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Fig. 14.151 Angioimmunoblastic T-cell lymphoma (AITL). A Multinucleated cells resembling Reed-Sternberg cells. B Low-power view of CD21 immunostaining highlighting 

marked follicuiar dendritic ceii proliferation entrapping high endotheliai venuies (pattern 3). C-E The characteristic phenotype of tumour ceils expressing CD3 (C), CD10 (D), and 
CXCL13 (E) (pattern 3). F EBV-positive B-celi proliferation in AITL double stained for CD79a (brown, cytoplasmic staining) and EBV-encoded small RNA (EBER) (blue, nuclear 

staining). 

the extent and the intensity of stain¬ 

ing are variable. An inverse correlation 

tends to be observed between sensitiv¬ 

ity and specificity of individual markers, 

with CXCL13 and CD10 being among 

the most specifio and PD1 and ICOS 

being more sensitive. B immunoblasts 

and plasma sells are polytypie; however, 

secondary EBV-positive B-cell prolif¬ 

erations, inoluding diffuse large B-eell 

lymphoma, classio Hodgkin lymphoma, 

and plasmacytoma, may be seen {182, 

901,3887). FDC meshworks expressing 

CD21, CD23, and CD35 are expanded 

with an extrafollioular pattern, usually sur¬ 

rounding the HEVs, 

Postulated normal counterpart 
ACD4+TFH eell 

Genetic profile 
TR genes show olonal rearrangements in 

75-90% of cases {179,901,3887}. Clonal 

IG gene rearrangements are found in 

about 25-30% of cases {179,3887} and 

correlate with expanded EBV-positive 

B cells. Most EBV-infected B cells show 

ongoing mutation activity while carrying 

hypermutated IG genes with destructive 

mutations, suggesting that in AITL, alter¬ 

native pathways operate to allow the sur¬ 

vival of these mutating so-called ‘forbid¬ 

den’ (immunoglobulin-deficient) B cells. 

At the gene expression level, the mo¬ 

lecular profile of AITL is dominated by a 

strong microenvironment imprint, includ¬ 

ing overexpression of B-cell-related and 

FDC-related genes, chemokines and 

chemokine receptors, and genes related 

to extracellular matrix and vascular biol¬ 

ogy. The signature contributed by the 

neoplastic cells, although quantitatively 

minor, shows features of normal TFH 

cells {905,1010A}. 

By conventional cytogenetic analysis, 

clonal aberrations (most commonly triso- 

mles of chromosomes 3, 5, and 21; gain 

of X; and loss of 6q) have been reported 

In as many as 90% of cases {1013,3558}. 

Comparative genetic hybridization has 

shown recurrent gains of 22q, 19, and 

11q13 and losses of 13q, whereas trlso- 

mles 3 and 5 were identified in only a 

small number of cases {3992}. 

Classic and more recently next-genera¬ 

tion sequencing studies have identified 

frequent mutations of genes encoding 

epigenetic modifiers such as IDH2 (20- 

30%), TET2 (50-80%), and DNMT3A 
(20-30%), as well as the small GT- 

Pase RHOA (60-70%) {523,2264,2928, 

3040,3485,4238,4429}. Among these, 

IDH2 R172 mutations appear to be spe¬ 

cific for AITL, but the others can be seen 

in other PTCLs, in particular those with 

a TFH-cell-like immunophenotype. The 

hotspot RHOA mutation in AITL results 

in a Gly17Val-mutant, dominant-negative 

variant of the enzyme {3485,4429}. Sev¬ 

eral genes encoding components of the 

T-cell receptor signalling pathway, such 

as FYN, PLCG1, and CD28, have been 

found to be mutated in 5-10% of the cas¬ 

es {2254,2488}. Moreover, fusion genes 

encoding a CTLA4-CD28 hybrid protein 

consisting of the extracellular domain of 

CTLA4 and the cytoplasmic region of 

CD28, likely capable of transforming in¬ 

hibitory signals into stimulatory signals for 

T-cell activation, have been identified in 

>50% of AITLs, and other PTCLs as well 

{4428}. Rare cases carry t(5;9)(q33;q22), 

which results in ITK-SYK gene fusion, an 

alteration initially recognized in associa¬ 

tion with follicular PTCL {181,3814}. 

Prognosis and predictive factors 
The course of AITL is variable, but overall 

the prognosis is poor, with a median sur¬ 

vival of <3 years in most studies, even 

when treated aggressively {2767,4217}. 

No well-defined prognostic factors have 

been identified. The International Pro¬ 

gnostic Index (iPI) and Prognostic Index 

for T-celi Lymphoma (PIT) are of limited 

value {901}. Histological features and 

genetic findings have not been shown 

to affect clinical course. In multivariate 

analysis, only male sex, mediastinal lym- 

phadenopathy, and anaemia adversely 

affected overall survival {2767}. 
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Fig. 14.152 Follicular T-cell lymphoma with a follicular lymphoma-like growth pattern showing a nodular 
growth pattern. 

Follicular T-cell lymphoma 

Definition 
Follicular T-cell lymphoma (FTCL) is 

a lymph node-based neoplasm of 

T-folllcular helper (TFH) cells, with a pre¬ 

dominantly follicular growth pattern and 

lacking characteristic features of angio- 

immunoblastic T-cell lymphoma (AITL) 

such as proliferation of high endothelial 

venules or extrafollicular follicular den¬ 

dritic cells {34,213,906,1729}. 

ICD-0 code 9702/3 

Epidemiology 
Like AITL, FTCL is seen in middle-aged 

and elderly individuals, with a slightly 

higher incidence in males than in females 

{1729}. It is a rare neoplasm; the true inci¬ 

dence is unknown, but it likely accounts 

for < 1% of all T-cell neoplasms. 

Localization 
FTCL is a lymph node-based neoplasm, 

sometimes involving the skin and bone 

marrow. 

Clinical features 
The presenting clinical syndrome re¬ 

sembles that of AITL and other nodal 

peripheral T-cell lymphomas, character¬ 

ized by advanced-stage disease, gener¬ 

alized lymphadenopathy, splenomegaly, 

B symptoms, and skin rash. In a subset 

of patients, laboratory findings typical of 

AITL (e.g. hypergammaglobulinaemia, 

eosinophilia, or a positive Coombs test) 

can be seen {1729}. However, a few pa¬ 

tients with localized disease and/or no 

B symptoms have also been reported 

{1729}. 

Microscopy 
The lymph node architecture is partially or 

completely effaced by a nodular/follicuiar 

Fig. 14.153 Follicular T-cell lymphoma with a follicular 

lymphoma-like growth pattern. CD3 staining highlights 

the nodular growth pattern. 

proliferation of intermediate-sized mo¬ 

notonous lymphoid cells with round nu¬ 

clei and abundant pale cytoplasm {906, 

1729}. Two distinct growth patterns are 

recognized: one that mimics follicular lym¬ 

phoma and one that mimics progressive 

transformation of germinal centres {1729}. 

In the follicular lymphoma-like pattern, 

the neoplastic cells are arranged into well- 

defined nodules that lack morphological 

features of normal follicular B cells. In the 

progressive transformation of germinal 

centres-like pattern, the neoplastic cells 

are seen in well-defined aggregates sur¬ 

rounded by numerous small IgD-r mantle 

zone B cells arranged into large irregular 

nodules. The interfollicular areas lack the 

polymorphic infiltrates and vascular pro¬ 

liferation characteristic of AITL. However, 

scattered immunoblasts can be seen. In 

a subset of cases, Hodgkin/Reed-Stern- 

berg-like cells, often surrounded by neo¬ 

plastic T cells, are present {2750}. 

Fig. 14.154 Follicular T-cell lymphoma, cytological features. The lymph node contains 

an infiltrate of monotonous lymphoid cells with round nuclei and pale, so-called 

*monocytoid+ cytoplasm. 

Fig. 14.155 Follicular T-cell lymphoma with a progressive transformation of germinal 

centres (PTGC)-like growth pattern showing nodules with nests of neoplastic cells 

reminiscent of follicle centre B cells in PTGCs. 
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Fig. 14.156 Follicular T-cell lymphoma with a progres¬ 
sive transformation of germinal centres-like growth pat¬ 

tern. CD3 staining highlights nests of neoplastic T cells 
surrounded by mantle zone B cells. 

Fig. 14.157 Follicular T-cell lymphoma with a follicular 

lymphoma-like growth pattern. The neoplastic cells 

express PD1. 

In a limited number of cases in which 

consecutive biopsies from different time 

points were studied, change of morphol¬ 

ogy from FTCL to typical AITL or vice 

versa has been observed, suggesting 

that these two entities may constitute dif¬ 

ferent morphological representations of 

the same biological process {1729}. 

Immunophenotype 
The neoplastic T cells express the pan- 

T-cell antigens CD2, CD3, and CDS (with 

frequent loss of CD7) and have a CD4-i- 

T helper (Th) cell phenotype. Consist¬ 

ent with a TFH-cell origin, multiple TFFI- 

cell markers (e.g. PD1, CXCL13, BCL6, 

CD10, and ICOS) are expressed (1729). 

Like in AITL, interfollicular CD20-i- B im- 

munoblasts, often with EBV reactivity, are 

present in half of the cases. When Hodg- 

kin/Reed-Sternberg-like large cells 

are present, they may show phenotypic 

features of classic Hodgkin lymphoma, 

expressing CD30, CD15, PAX5 (weakly), 

and frequently EBV, but lacking other B- 

cell markers (2868). Such cells should 

not be diagnosed as classic Hodgkin 

lymphoma in the absence of a typical 

classic Hodgkin lymphoma background. 

CD21, CD23, and CD35 staining often 

reveals a retained follicular dendritic 

cell meshwork structure underlying the 

foilicular lymphoma-like or progressive 

transformation of germinal centres-like 

nodular growth pattern. 

Genetic profile 
FTCLs show clonal TR gene rearrange¬ 

ments in most cases. About 20% of cas¬ 
es carry a t(5;9)(q33;q22) translocation, 

leading to ITK-SYK fusion (1729,3814). 

This translocation appears to be specific 

for FTCL; it has not been seen in other 

peripheral T-cell lymphomas, except in 

a rare case of AITL (181). Comprehen¬ 

sive genomic profiling of FTCL cases 

has not been specifically performed, but 

it is likely that some cases of peripheral 

T-cell lymphoma with TFH-cell-like im¬ 

munophenotype showing mutations of 

TET2, RHOA, and DNMT3A are FTCLs 
(2264). 

Prognosis and predictive factors 
The clinical course is not well character¬ 

ized, due to the rarity of the lesion and 

the retrospective nature of most studies. 

The disease appears to have an aggres¬ 

sive course, with half of the patients dying 

within 24 months of diagnosis (1729). 

Nodal peripheral T-cell 
lymphoma with T follicular 
helper phenotype 

Definition 
It has been recognized that a subset of 

the peripheral T-cell lymphomas clas¬ 

sified as NOS have a T follicular helper 

(TFH) cell phenotype (i.e. positive for 

Fig. 14.158 Follicular T-cell lymphoma with a 

progressive transformation of germinal centres-like 
growth pattern. IgD staining highlights mantle zone 

B cells surrounding the nests of neoplastic T cells. 

CD4, PD1, CD10, BCL6, CXCL13, and 

ICOS) and some pathological features 

of angioimmunoblastic T-cell lymphoma 

(AITL). The minimum criteria for assign¬ 

ment of TFH-cell phenotype is not very 

well established, but the detection of at 

least two (ideally three) of the TFH-cell 

markers in addition to CD4 is suggest¬ 

ed to assign a TFH-cell phenotype to 

a nodal CD4-t- T-cell lymphoma. These 

neoplasms frequently show a diffuse 

infiltration pattern without a prominent 

polymorphic inflammatory background, 

vascular proliferation, or expansion of fol¬ 

licular dendritic cell meshworks. In some 

cases, a so-called T-zone pattern may 

be evident {34}. Genetic studies show 

that these cases share some of the ge¬ 

netic alterations seen in AITL, including 

mutations of TET2, DNMT3A, and RHOA 
{2264,3485}. These phenotypic and ge¬ 

netic characteristics suggest that such 

cases may be related to AITL and may 

constitute a tumour cell-rich variant of 

AITL {178}. However, until further evi¬ 

dence showing that they are biologically 

and clinically within the spectrum of AITL, 

it is recommended that such cases are 

classified as peripheral T-cell lymphoma 

with a TFH-cell phenotype. 

ICD-0 code 9702/3 
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Fig. 14.159 Anaplastic large cell lymphoma, ALK-positive. Distribution by patient age and sex (N = 386). 

Definition 
ALK-positive (ALK-f) anaplastic large 

cell lymphoma (ALCL) is a T-cell lym¬ 

phoma consisting of lymphoid cells 

! that are usually large and have abun¬ 

dant cytoplasm and pleomorphic, often 

horseshoe-shaped nuclei, with a chro- 

' mosomal translocation involving the ALK 
gene and expression of ALK protein 

and CD30, ALCL with comparable mor¬ 

phological and phenotypic features, but 

lacking ALK rearrangement and the ALK 

i protein, is considered to be a separate 

category: ALK-negative (ALK-) ALCL, 

ALK-f ALCL must also be distinguished 

from primary cutaneous ALCL and from 

other subtypes of T-cell or B-cell lympho¬ 

ma with anaplastic features and/or CD30 

expression. 

ICD-0 code 9714/3 

Synonym 
Ki-1 lymphoma (obsolete) 

Epidemiology 
ALK-f ALCL accounts for approximately 

3% of adult non-Hodgkin lymphomas 

and 10-20% of childhood lymphomas 

' (3782). ALK-f ALCL is most frequent in 

I the first three decades of life {335,1151} 

and shows a male predominance, with a 

male-to-female ratio of 1,5:1. 

Localization 
ALK-f ALCL frequently involves both 

lymph nodes and extranodal sites. The 

; most commonly involved extranodal 

I sites include the skin, bone, soft tissue, 

I lungs, and liver (475,1151,1543,3782), 

1 Involvement of the gut or CNS is rare, 

j Mediastinal disease is less frequent than 

I in classic Hodgkin lymphoma. The esti- 

1 mated incidence of bone marrow involve- 

I ment is approximately 10% when inves¬ 

tigated using H&E staining, but higher 

; (30%) when immunohistochemical stains 

! are used {1239}, because bone marrow 

I involvement is often subtle. The small- 

I cell variant of ALK-f ALCL may have a 

leukaemic presentation with peripheral 

blood involvement {301,2031,3752}. 

A few cases of indolent ALK-f ALCL re¬ 

stricted to the skin have been reported 

{2996}. Clinical history and staging are 

required to distinguish such lesions from 

the aggressive, poor-prognosis second¬ 

ary cutaneous involvement by systemic 

ALK+ ALCL. 

Clinical features 
Most patients (70%) present with ad¬ 

vanced (stage lll-IV) disease with pe¬ 

ripheral and/or abdominal lymphadeno- 

pathy, often associated with extranodal 

infiltrates and involvement of the bone 

marrow {475,1151,1543}. Most patients 

(75%) have B symptoms, especially 

high fever {475,1151}. Rare cases of skin 

and satellite lymph node involvement by 

ALK-f ALCL following insect bites have 

been reported (2200), The significance 

remains unclear. Possibly, ALK-f ALCL 

cells home to these sites of inflammation. 

Microscopy 
ALK-f ALCLs show a broad morphologi¬ 

cal spectrum {335,643,949,1138,2031, 

3181}, However, all cases contain a vari¬ 

able proportion of cells with eccentric, 

horseshoe-shaped, or kidney-shaped 

nuclei, often with an eosinophilic region 

Fig. 14.160 Anaplastic large cell lymphoma (ALCL), ALK-positive. General features of ALCL, common type. The 

lymph node architecture is obliterated by malignant cells, and intrasinusoidal cells are observed. 
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Fig. 14.161 Anaplastic large cell lymphoma (ALCL), ALK-positive. General features of ALCL, common pattern. A 

Predominant population of large cells with irregular nuclei. Note the large hallmark cells showing eccentric kidney¬ 

shaped nuclei. All malignant cells are strongly positive for CD30 (B), EMA (C), and granzyme B (D). 

near the nucleus. These cells have been 

referred to as hallmark cells because 

they are present in all morphological vari¬ 

ants (335). The hallmark cells are typi¬ 

cally large, but smaller cells with similar 

cytological features may also be seen 

and can greatly facilitate accurate diag¬ 

nosis (335). Depending on the plane of 

section, some cells may appear to con¬ 

tain nuclear inclusions; however, these 

are not true inclusions but rather invagi¬ 

nations of the nuclear membrane. Cells 

with these features have been referred to 

as doughnut cells. 

Morphologically, ALK-i- ALCLs range 

from small-cell neoplasms to the op¬ 

posite extreme in which very large cells 

predominate. Several morphological pat¬ 

terns can be recognized. 

The so-called common pattern accounts 

for 60% of cases (335,1138). The tumour 

cells have abundant cytoplasm that may 

appear clear, basophilic, or eosinophilic. 

Multiple nuclei may occur in a wreath-like 

pattern and may give rise to cells resem¬ 

bling Reed-Sternberg cells. The nuclear 

chromatin is usually finely clumped or 

dispersed, with multiple small, basophilic 

nucleoli. In cases composed of larger 

cells, the nucleoli are more prominent, 

but eosinophilic, inclusion-like nucleoli 

are rarely seen. When the lymph node 

architecture is only partially effaced, the 

tumour characteristically grows within the 

sinuses and thus may resemble a meta¬ 

static tumour. 

The lymphohistiocytic pattern (10%) is 

characterized by tumour cells admixed 

with a large number of reactive histio¬ 

cytes (335,1138,3181). The histiocytes 

may mask the malignant cells, leading 

to an incorrect diagnosis of a reactive 

lesion. The neoplastic cells are usually j 

smaller than in the common pattern, but j 

often cluster around blood vessels and j 

can be highlighted by immunostaining 

using antibodies to CD30 and/or ALK. | 

Occasionally, the histiocytes show evi¬ 

dence of erythrophagocytosis. i 

The small-cell pattern (5-10%) shows a ; 

predominant population of small to me- I 

dium-sized neoplastic cells with irregular i 

nuclei (335,1138,2031). In some cases, | 

most of the cells have pale cytoplasm ( 

and centrally located nucleus; these I 

are referred to as fried-egg cells. Signet i 

ring-like cells may also be seen rarely j 

(335). Hallmark cells are always present ! 

and are often concentrated around blood 

vessels (335,2031). This morphological 

variant of ALCL is often misdiagnosed j 

as peripheral T-cell lymphoma, NOS, j 

by conventional examination. When the ,j 

peripheral blood is involved, small atypi- | 

cal cells with folded nuclei reminiscent of ) 

flower-like cells in addition to rare large 

cells with blue, vacuolated cytoplasm .' 

can be noted in smear preparations. 

The Hodgkin-like pattern (3%) is charac¬ 

terized by morphological features mim¬ 

icking nodular sclerosis classic Hodgkin 

lymphoma (4162). j 

in 15% of cases, more than one pat- ' 

tern can be seen in a single lymph node 

biopsy; this is called the composite pat- : 

tern (335). Relapses may have morpho¬ 

logical features different than those seen | 

initially (335,1650). Other histological | 

patterns include tumours showing cells 

with monomorphic, rounded nuclei, ei¬ 

ther as the predominant population or 

mixed with more-pleomorphic cells, and 

cases rich in multinucleated neoplas¬ 

tic giant cells or displaying sarcomatoid j 
features (643). Occasional cases may 

have a hypocellular appearance, with 

a myxoid or oedematous background 

(698). Spindle cells may be prominent in 

such cases and may simulate sarcoma in 

cases presenting in soft tissue (1815). In 

rare cases, malignant ceils are exceed¬ 

ingly scarce, scattered in an otherwise 

reactive lymph node. Capsular fibrosis 

and fibrosis associated with tumour nod¬ 

ules may be seen, mimicking metastatic 

non-lymphoid malignancy. 

Immunophenotype 
The tumour cells are positive for CD30 on 

the cell membrane and in the Golgi re¬ 

gion (3787). The strongest immunostain¬ 

ing is seen in the large cells. Smaller 

It 
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Fig. 14.162 Anaplastic large cell lymphoma, lymphohistiocytic pattern. A Large cells (hallmark cells) are admixed 

with a predominant popuiation of non-neopiastic celis, including histiocytes and piasma celis. B Maiignant ceils are 

highlighted by CD30 staining. 

'i'l 

J 
© 

I 

• > :• 
* 

414 Mature T- and NK-cell neoplasms 



Fig. 14.163 Anaplastic large cell lymphoma, small-cell pattern. A Predominant population of small cells with irregular 

nuclei, associated with scattered hallmark cells. Note that large cells predominate around the vessel. B CD30 

staining highlights the perivascular pattern. Large cells are strongly positive for CD30, whereas small and medium¬ 

sized malignant cells are weakly stained. 

tumour cells may be only weakly positive 

or even negative for CD30 {335,1138). In 

the lymphohistiocytic and small-cell pat¬ 

terns, the strongest CD30 expression is 

also present in the larger tumour cells, 

which often cluster around blood vessels 

{335,1138). ALK expression is absent 

from all normal postnatal human tissues 

except rare cells in the brain {3250). For 

this reason, immunohistochemistry with 

specific anti-ALK monoclonal antibodies 

has supplanted molecular tests for the 

diagnosis of ALK-i- ALCL. In most cases 

that have the t(2;5) {NPM1-ALK) trans¬ 

location, ALK staining of large cells is 

both cytoplasmic and nuclear {335,1138, 

3782). In the small-cell variant, ALK posi¬ 

tivity is usually restricted to the nucleus 

of tumour cells {335,1138,3782). In cas¬ 

es with variant translocations, i.e. fusion 

of ALK to partners other than NPM1, 
the ALK staining is usually cytoplasmic 

and rarely membranous {335,1138,1147, 

3782). Cases with the t(2;5) {NPM1-ALK) 
translocation show aberrant cytoplas¬ 

mic expression of NPM1, whereas ALK-i- 

ALCLs carrying variant translocations 

show the expected nuclear-restricted ex¬ 

pression of NPM1 {1152). 

Most ALK-i- ALCLs are positive for EMA, 

but in some cases only a proportion of 

malignant cells are positive {335,949}. 

The great majority of ALK-i- ALCLs ex¬ 

press one or more T-cell antigens {335). 

Flowever, due to loss of several pan-T- 

cell antigens, some cases may have an 

apparent so-called null-cell phenotype, 

but show evidence of a T-cell lineage 

at the genetic level (1237). Because no 

other differences can be found in cases 

with a T-cell versus a null-cell phenotype, 

T-cell/null-cell ALK-t- ALCL is considered 

a single entity {335,1557}. CD3 (the most 

widely used pan-T-cell marker) is nega¬ 

tive in >75% of cases {335,413). CD2, 

CD5, and CD4 are more useful and are 

positive in a significant proportion of cas¬ 

es (70%). Furthermore, most cases exhibit 

positivity for the cytotoxic antigens TIA1, 

granzyme B, and/or perforin (1237,2111). 

CD8 is usually negative, but rare CD8-1- 

cases exist, particularly those with vari¬ 

ant morphology {12). CD43 is expressed 

in two thirds of cases, but lacks lineage 

specificity. Tumour cells are variably pos¬ 

itive for CD45 and CD45RO and strongly 

positive for CD25 {949}. In the rare cases 

in which CD15 expression is observed, 

only a small proportion of the neoplastic 

cells are stained (335). Tumour cells are 

negative for the macrophage-restricted 

form of the CD68 antigen recognized 

by the PGM1 monoclonal antibody, but 

may show granular staining with other, 

less-specific anti-CD68 clones, such as 

KP1. ALK+ ALCLs are BCL2-negative 

{819}. ALCLs are also consistently nega¬ 

tive for EBV, i.e. for EBV-encoded small 

RNA (EBER) and LMP1 {465}. A number 

of other antigens are expressed in ALCL 

but are not of diagnostic value; these 

include clusterin (4292), SHP1 phos¬ 

phatase (1682), BCL6, CEBPB {3270}, 

SERPINAI (2196), and fascin. 

Differential diagnosis 
A rare, distinct diffuse large B-cell lym¬ 

phoma with immunoblastic/plasmablas- 

tic features expressing the ALK protein 

may superficially resemble ALK-i- ALCL 

due to frequent sinusoidal growth pat¬ 

tern. These lymphomas (ALK-i- large B- 

cell lymphomas) express EMA (as do 

ALCLs) but lack CD30, and most cases 

show a characteristic cytoplasm-restrict¬ 

ed granular staining for the ALK protein 

{951}. 

Subsets of non-haematopoietic neo¬ 

plasms, such as rhabdomyosarcoma 

Fig. 14.164 Anaplastic large cell lymphoma, Hodgkin-like pattern. A Tumour nodules are surrounded by broad fibrous 

bands. B Numerous tumour cells are present, and some resemble lacunar Reed-Sternberg cells. C Tumour cells have 

cytoplasmic, nuclear, and nucleolar ALK staining, indicating the presence of the t(2;5)(p23;q35) translocation and the 

NPM1-ALK fusion protein, 
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Fig. 14.165 Other histological patterns of anaplastic large cell lymphoma (ALCL), ALK positive. A ALCL showing monomorphic large cells with round nuclei. B ALCL consisting 

of pleomorphic giant cells. C ALCL rich in signet ring cells. 
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Fig. 14.166 Anaplastic large cell lymphoma, ALK-positive. Different ALK staining patterns. A Nuclear, nucleolar, and cytoplasmic staining associated with the t(2;5) translocation 

(expression of the NPM1-ALK fusion protein). B Strong membranous and cytoplasmic staining sparing the nucleus in a case associated with the t(1;2) translocation (expression 

of the TPM3-ALK fusion protein). C Finely granular cytoplasmic staining associated with the t(2;17) translocation (expression of the CLTC-ALK fusion protein). 

j1138), inflammatory myofibroblastic tu¬ 

mours {1459), and neural tumours (2512), 

can be positive for ALK but are morpho¬ 

logically distinguishable from ALCL and 

are negative for CD30. ALK-i- ALCL must 

also be distinguished from a rare form of 

ALK-i- systemic histiocytosis occurring in 

early infancy (646). ALK-r histiocytosis is 

characterized by a proliferation of large 

histiocytes that look morphologically 

different from ALCL cells, are CD30- 

negative, and express the CD68 antigen 

1646). 

Postulated normal counterpart 
An activated mature cytotoxic T cell 

Genetic profile 
Antigen receptor genes 
Approximately 90% of ALK-i- ALCLs show 

Fig. 14.167 Anaplastic large cell lymphoma showing 

sarcomatous features. 

clonal rearrangement of the TR genes 

irrespective of whether they express 

T-cell antigens. The remainder show no 

rearrangement of TR or IG genes (1237). 

Cytogenetic abnormalities and 
oncogenes 
The genes fused with ALK in various chro¬ 

mosomal translocations and the suboel- 

lular distribution of NPM1-ALK and ALK 

variant chimeric proteins are shown in Ta¬ 

ble 14.10, The most frequent genetic al¬ 

teration is a translocation, t(2;5)(p23;q35), 

between the ALK gene on chromosome 2 

and the NPM1 gene on chromosome 5 

(2199,2541,2753). Variant translocations 

involving ALK and other partner genes on 

chromosomes 1, 2, 3, 17, 19, 22, and X 

also occur (801,1152,1177,1623,2195, 

2197,2542,2608,3410,3782,4033,4037, 

4059,4339). FISH using an ALK break- 

apart probe or karyotyping is not manda¬ 

tory in routine practice if ALK staining is 

positive (1138,3201). RT-PCR is usually 

reserved for detection of minimal residual 

disease in blood or bone marrow (865). 

All of these translocations result in upreg- 

ulation and aberrant expression of ALK, 

but the subcellular distribution of ALK 

staining varies depending on the translo¬ 

cation partner (1147). 

The ALK gene encodes a tyrosine kinase 

receptor belonging to the insulin recep¬ 

tor superfamily, which is normally silent 

in lymphoid cells (2753). In the t(2;5) 

(p23;q35) translocation, NPM1 (a house¬ 

keeping gene encoding a nucleolar pro¬ 

tein) fuses with ALK to produce a chimer¬ 

ic protein in which the N-terminal portion 

of NPM1 is linked to the intracytoplasmic 

Fig. 14.168 A Hypocellular anaplastic large cell lymphoma. B Malignant cells are highlighted by ALK staining. 
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portion of ALK {2753). In addition to 

cytoplasmic ALK positivity, cases with 

t(2;5) show nuclear and nucleolar ALK 

staining. The latter pattern is due to the 

transport of the NPM1-ALK fusion pro¬ 

tein into the nucleus through formation 

of heterodimers between wildtype NPM1 

and NPM1-ALK. On the other hand, the 

formation of NPM1-ALK homodimers us¬ 

ing dimerization sites at the N-terminus 

of NPM1 mimics ligand binding and is 

responsible for the activation of the ALK 

catalytic domain and for the oncogenic 

properties of the ALK protein (3249). ALK 
variant translocations also cause ALK 

activation through self-association and 

formation of homodimers. In turn, the 

activation of the ALK catalytic domain 

(mediated by all translocations) results 

in the activation of multiple signalling 

cascades, including the RAS-ERK, JAK/ 

STAT, and PIK-AKT pathways (403). 

Comparative genomic hybridization 

analysis shows that ALK+ ALCLs carry 

frequent secondary chromosomal im¬ 

balances including losses of chromo¬ 

somes 4, 11q, and 13q and gains of 7, 

17p, and 17q (3488). In addition, this 

study demonstrates that ALK+ and 

ALK- ALCLs have a different represen¬ 

tation of secondary genetic alterations, 

supporting the concept that they consti¬ 

tute different biological entities. 

Gene expression profiling 
Supervised analysis by class comparison 

between ALK-i- ALCL and ALK- ALCL 

tumours showed evidence for distinct 

molecular signatures {2196). However, 

the gene expression profile also shows 

a common signature between the ALK-i- 

and ALK- groups, which facilitates their 

distinction from other types of peripheral 

T-cell lymphoma. Some of the genes dif¬ 

ferentially expressed between the ALK-i- 

and ALK- groups are related to ALK 

signalling {403). Among the 117 genes 

overexpressed in ALK-i- ALCL, BCL6, 
PTPN12, SERPINAl and CEBPB were 

the four top genes, being overexpressed 

with the most significant P values. This 

overexpression was also confirmed at the 

protein level for CEBPB, BCL6, and SER¬ 

PINAl . A robust classifier for ALK-i- ALCL 

also included highly expressed tran¬ 

scripts related to STATS regulators (IL6, 

IL31RA) or targets, cytotoxic molecules, 

and T helper 17 (Th17) cell-associated 

molecules {1774). 

Table 14.10 Translocations and fusion proteins involving ALK at 2p23 

Chromosomal MW of ALK Percentage of 

anomaly ALK partner hybrid protein ALK staining pattern cases 

t(2;5)(p23;q35) NPM1 80 kDa Nuclear, 

diffuse cytoplasmic 

84% 

t(1;2)(q25;p23) TPMS 104 kDa Diffuse cytoplasmic with 

peripheral intensification 

13% 

inv(2)(p23q35) ATIC 96 kDa Diffuse cytoplasmic 1% 

t(2;3)(p23;q12.2)= TFG Xiong 113 kDa Diffuse cytoplasmic <1% 
TFG long 97 kDa Diffuse cytoplasmic 

TFG short 85 kDa Diffuse cytoplasmic 

t(2;17)(p23;q23) CLTC 250 kDa Granular cytoplasmic <1% 

t(X;2)(q11-12;p23) MSN 125 kDa Membrane staining <1% 

t(2;19)(p23;p13.1) TPM4 95 kDa Diffuse cytoplasmic <1% 

t(2;22)(p23;q11.2) MYH9 220 kDa Diffuse cytoplasmic <1% 

t(2;17)(p23;q25) RNF213 ND Diffuse cytoplasmic <1% 

Others*’ ND ND Nuclear or cytoplasmic <1% 

MW, molecular weight; ND, not determined. 

® Three different fusion proteins (TFG-ALK^,^, TFG-ALK^, and TFG-ALKg) are associated with the t(2;3) 

(p23;q12.2) translocation that involves TFG. 

Unpublished series of 270 cases of ALK-positive anaplastic large cell lymphoma. 

Time Since Diagnosis (years) 

No. at risk 
Without SC-LH 
component 

247 214 206 197 179 130 81 47 23 

With SC-LH 
component 

114 88 65 61 50 42 31 17 8 

Fig. 14.169 Anaplastic large cell lymphoma (ALCL), ALK-positive. In a cohort of 361 patients, the time to treatment 

failure was shorter for patients with a small-cell (SC) or lymphohistiocytic (LH) component than for patients with ALK- 

positive ALCL, common type. From: Lamant L, et al. (2198). 

Prognosis and predictive factors 
No differences have been found be¬ 

tween NPM 1-ALK-positive tumours and 

tumours showing ALK variant transloca¬ 

tions {1152). Concurrent MTC rearrange¬ 

ment could be associated with a more 

aggressive course {2318,2748). Most 

cases with small-cell or lymphohistio¬ 

cytic variant histology do not have the 

same favourable prognosis as the other 

ALK-I- tumours, because these patients 

often present with disseminated disease 

at diagnosis {58,2198). Risk stratification 

according to the International Prognos¬ 

tic Index (IPI) is important in assessing 

prognosis in ALK-^ ALCL {1151,1543, 

3536). The long-term survival rate as¬ 

sociated with ALK-I- ALCL approaches 

80%, and is better overall than that of 

ALK- ALCL {1151,1306,1543,3536,3662, 

3670). It appears that this difference may 

be ascribed to the fact that ALK-r ALCL 
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Fig. 14.170 Anaplastic large cell lymphoma. Overall survival of ALK-positive and ALK-negative patients. 

occurs more frequently than ALK- ALCL ALK+ ALCL and ALK- ALCL appear to 

at a younger patient age, rather than to be similar {1543,3536,3670}. 

the expression of ALK {1151,3670}. In At least in children, the detection of 

fact, when analysis is restricted to pa- minimal residual disease by qualitative 

tients aged <40 years, the outcomes in PCR for NPM1-ALK in bone marrow and 

peripheral blood at diagnosis and an 

early positive minimal residual disease 

during treatment identify patients at risk 

of relapse {865}. This could be linked to a 

poor immune control of the disease, part¬ 

ly reflected by the anti-ALK antibody titre, 

which is inversely correlated to prognosis 

{39}. 
Relapses often remain sensitive to chem¬ 

otherapy; allogeneic bone marrow trans¬ 

plantation may be effective in refractory 

cases {2360}. Because ALK is essential 

for the proliferation and survival of ALK-i- 

ALCL cells, it provides a unique thera¬ 

peutic target. Promising clinical results 

have been obtained in small case se¬ 

ries of relapsed ALK-i- ALCL treated with 

small-molecule inhibitors of ALK kinase 

{1285}. CD30-targeting with antibody- 

drug conjugates is another appealing 

therapeutic approach for relapsed/re¬ 

fractory ALK+ALCL {3241}. 

Anaplastic large cell lymphoma, 
ALK-negative 

Feldman A.L. 

Harris N.L, 

Stein H. 

Campo E. 

Kinney M.C. 

Jaffe E.S. 

Falini B. 

Inghirami G.G 

Pileri S.A. 

Definition 
ALK-negative (ALK-) anaplastic large 

cell lymphoma (ALCL) is defined as a 

CD30-I- T-cell neoplasm that is not repro- 

ducibly distinguishable on morphologi¬ 

cal grounds from ALK-positive (ALK-i-) 

ALCL, but lacks ALK protein expression. 

It was included as a provisional entity in 

the 2008 edition of the WHO classifica¬ 

tion, but is now considered an accepted 

entity. ALK- ALCL must be distinguished 

from primary cutaneous ALCL (C-ALCL), 

other subtypes of CD30-I- T-cell or B-cell 

lymphoma with anaplastic features, and 

classic Hodgkin lymphoma (CHL). 

ICD-0 code 9715/3 

Synonyms and historical terminology 
ALK- ALCL was included in the 2008 edi¬ 

tion of the WHO classification as a provi¬ 

sional entity distinct from ALK-i- ALCL, on 

the basis of important clinical differences 

including the older median patient age 

and more-aggressive clinical course of 

ALK- ALCL {3848}. There were also val¬ 

id arguments for excluding ALK- ALCL 

from the category of peripheral T-cell 

lymphoma (PTCL), NOS {913,1136,1815, 

3536,3692}. Unfortunately, there are 

few detailed clinicopathological studies 

of ALK- ALCL {3939}, and although re¬ 

current genetic events have been iden¬ 

tified, their role in classification has not 

been established. Thus, the distinction 

between PTCL, NOS, and ALK- ALCL is 

not always straightforward. 

Epidemiology 
The peak incidence of ALK- ALCL is in 

adults (aged 40-65 years), unlike ALK-i- 

ALCL, which occurs most commonly 

in children and young adults, although 

cases can occur at any age {1136,3782}. 

There is a modest male preponderance, 

with a male-to-female ratio of 1.5:1. 

Localization 
ALK- ALCL involves both lymph nodes 

and extranodal tissues (e.g. the bone, 

soft tissue, and skin), although extranodal 

sites are less commonly involved than in 

ALK-t- ALCL. Cutaneous cases must be 

distinguished from primary C-ALCL, and 

cases that involve the gastrointestinal tract 

must be distinguished from CD30-f- enter¬ 

opathy-associated and other intestinal 

T-cell lymphomas. Conversely, if a single 

lymph node is suggestive of ALK- ALCL, 

clinical history of skin lesions should be 

sought, to exclude nodal involvement by 

primary C-ALCL {178,314}. 

Clinical features 
Most patients present with advanced 

(stage lll-IV) disease, with peripheral 

and/or abdominal lymphadenopathy and 

B symptoms {3938}. 
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Fig. 14.171 Anaplastic large cell lymphoma (ALCL), ALK-negative. Morphological features of four cases. A Note the 

high N:C ratio. B Eosinophils (arrows) are present (often in clusters), but other features of Hodgkin lymphoma are 

absent. C Typical morphological and phenotypic features of ALCL, including a hallmark cell (arrow), that arose in 

the gastrointestinal tract (glandular epithelium is visible in the upper left), D A case with more cellular pleomorphism. 

Microscopy 
In most cases, the nodal or other tissue 

architecture is effaced by solid, cohesive 

sheets of neoplastic cells. When lymph 

node architecture is preserved, the neo¬ 

plastic cells typically grow within sinuses 

or within T-cell areas, commonly show¬ 

ing a so-called cohesive pattern, which 

may mimic carcinoma. Absence of these 

features should suggest a diagnosis of 

PTCL, NOS (178). Needle biopsies may 

be inadequate to assess these features. 

The overall features typically resemble 

the so-called common pattern described 

in ALK-h ALCL, and variant morphologi¬ 

cal patterns are not recognized. Features 

such as sclerosis and eosinophils may 

occur, but when present should raise sus¬ 

picion for CHL. Cases with a confirmed T- 

cell origin that morphologically resemble 

CHL are usually best classified as PTCL, 

NOS {178}, Cases resembling CHL may 

also constitute nodal involvement by lym- 

phomatoid papulosis (1078). 

The cytological features of the neoplas¬ 

tic cells show a similar spectrum to ALK-i- 

ALCL, although the small tumour cells 

seen in the small-cell and lymphohistio- 

cytic variants of ALK-i- ALCL should not 

be prominent in ALK- ALCL. Biopsies 

typically show large pleomorphic cells, 

sometimes containing prominent nucleo¬ 

li, Multinucleated cells, including wreath¬ 

like cells, may also be present, and mitot¬ 

ic figures are not infrequent. In addition, 

to a variable degree, hallmark cells with 

eccentric, horseshoe-shaped, or kidney¬ 

shaped nuclei are seen. In most cases 

of ALK- ALCL, the neoplastic cells are 

larger and more pleomorphic than those 

seen in classic ALK+ ALCL, and/or have 

a higher N:C ratio {1151,2814,3201,3662}. 

A higher N:C ratio may suggest a diag¬ 

nosis of PTCL, NCS, but in that disor¬ 

der, abnormal small to medium-sized 

lymphocytes are often admixed with a 

morphologically homogeneous neoplas¬ 

tic cell population, and the sheet-like or 

sinus pattern of infiltration typical of ALCL 

is absent. Cf note, cases of ALK- ALCL 

with DUSP22-IRF4 rearrangements tend 

to lack large pleomorphic cells and to 

have more so-called doughnut cells 

showing central nuclear pseudoinclu¬ 

sions than do cases lacking DUSP22- 
IRF4 rearrangements {2029}. 

Immunophenotype 
All tumour cells are strongly positive for 

CD30, usually most strongly at the cell 

membrane and in the Golgi region, al¬ 

though diffuse cytoplasmic positivity is 

also common. Staining should be strong 

and of equal intensity in all cells, a fea¬ 

ture that is important in distinguishing 

ALK- ALCL from other PTCLs, which 

can express CD30 in at least a propor¬ 

tion of the cells, and usually with variable 

intensity. By definition, ALK protein is 

undetectable. 

Loss of T-cell markers occurs with greater 

frequency than is typically seen in PTCL, 

NOS. In this respect, ALK-ALCL is simi¬ 

lar to ALK-i- ALCL. However, more than 

half of all cases express one or more 

T-cell markers, CD2 and CD3 are found 

more often than CDS, and CD43 is al¬ 

most always expressed. CD4 is posi¬ 

tive in a significant proportion of cases, 

whereas CD8-h cases are rare. Many 

cases express the cytotoxic markers 

TIA1, granzyme B, and/or perforin. 

Fig. 14.172 Anaplastic large cell lymphoma, ALK-negative. Immunostaining for CD30. The tumour cells have a 

cohesive (A) and intrasinusoidal growth pattern (B). C,D CD30 shows strong membranous and Golgi positivity. 
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Fig. 14.173 Anaplastic large cell lymphoma, ALK-negative, with DUSP22 rearrangement. A Densely packed 
monomorphic large cells. B Strong, uniform staining for CD30. 

These markers tend to be absent in cases 

bearing DLtSP22rearrangements {3069}; 

therefore, although desirable, their ex¬ 

pression is not an absolute requirement 

for the diagnosis of ALK- ALCL. About 

43% of cases are positive for EMA, on 

at least a proportion of malignant cells, 

a marker that is almost always seen in 

ALK-i- ALCL but only occasionally in 

PTCL, NOS {3536}. Nuclear phospho- 

STAT3 is expressed in about 43% of 

cases {836}. 

In cases that lack all T-cell/cytotoxIc 

markers, CHL rich in neoplastic cells and 

other large cell malignancies (e.g. em¬ 

bryonal carcinoma) should be ruled out. 

In this regard, staining for PAX5 Is useful, 

because CHL reveals weak expression of 

PAX5 in most cases; however, rare cases 

of ALCL (ALK- or ALK-i-) may express 

PAX5 {1175}. The demonstration of CD15 

should raise suspicion for CHL. How¬ 

ever, CD15 may be expressed in some 

cases of PTCL, NOS, and such cases are 

generally strongly CD30-posltive {277}, 

Whether peripheral T-cell neoplasms ex¬ 

pressing both CD30 and CD15 should 

be classified as ALK- ALCL or PTCL, 

NOS, remains to be determined. Notably, 

these eases have a very poor prognosis, 

clinically more closely resembling PTCL, 

NOS. ALK- ALOLs are consistently neg¬ 

ative for EBV, i.e. for EBV-encoded small 

RNA (EBER) and LMP1, and the expres¬ 

sion of these markers should strongly 

suggest the possibility of CHL. 

ALK- ALCL and ALK+ ALCL lack T-cell 

receptor proteins, and in this respect 

tend to differ from PTCL, NOS {413,1322}, 

Clusterin is also commonly expressed in 

both ALK- and ALK-i- ALOL, but rarely in 

PTCL, NOS {2183,2830,3470}; this mark¬ 

er has not been examined extensively in 

CHL, but was negative in the cases stud¬ 

ied {4292). 

Differential diagnosis 
The principal differential diagnosis of 

ALK- ALCL is with PTCL, NOS, and 

CHL. Most cases referred to historically 

as Hodgkin-like ALCL are now consid¬ 

ered to be tumour cell-rich forms of 

CHL, With complete immunophenotypic 

and genetic studies, ALK- ALCL can 

be distinguished from CHL in virtually 

all cases. In contrast, the distinction be¬ 

tween PTCL, NOS, and ALK- ALCL is 

not always clear-cut, and even experts 

may disagree on this subject. In gen¬ 

eral, the WHO classification advocates 

a conservative approach, recommend¬ 

ing the diagnosis of ALK- ALCL only if 

both the morphology and phenotype 

are very olose to those of ALK-f cases, 

with the only distinction being the pres¬ 

ence or absence of ALK, ALK- ALCL 

must also be distinguished from primary 

C-ALCL, which can have a similar phe¬ 

notype and morphology. Clinical correla¬ 

tion with staging is of paramount impor¬ 

tance in this differential. Primary C-ALCL 

has a much better prognosis than does 
ALK- ALCL. 

Postulated normal counterpart 
An activated mature cytotoxic T cell 

Genetic profile 
Most cases show clonal rearrangement of 

the TR genes, whether or not they express 

T-cell antigens, 

A constellation of genetic findings, nota¬ 

bly recurrent activating mutations of JAK1 
and/or STAT3, has been shown to lead to 

constitutive activation of the JAK/STAT3 

pathway in ALK- ALCL {836}, Translo¬ 

cations involving tyrosine kinase genes 

other than ALK also lead to STAT3 activa¬ 

tion in a small subset of systemic and cu¬ 

taneous ALK- ALCLs {836,4171}. These 

genetic events in ALK- ALCL partially 

explain the biological and pathological 

similarities to ALK+ ALCL, in which ALK 

fusion proteins lead to constitutive STAT3 

activation {710}, and may have therapeu¬ 

tic implications, 

DUSP22 rearrangements, i.e, chromo¬ 

somal rearrangements in or near the 

DUSP22-IRF4 locus on 6p25.3, occur in 

about 30% of cases {3069}. These are 

associated with decreased expression of 

the DLfSP22 dual-specificity phosphatase 

Fig. 14.174 Anaplastic large cell lymphoma, ALK-negative. A Some of the features raise a differential diagnosis 

with PTCL, NOS, expressing CD30, such as absence of hallmark cells. B CD30 is strongly expressed in all tumour 

cells. C Lymphoma cells express CD3. Note a vessel surrounded by normal, small CD3+ T cells, D Tumour cells 
express CD4. 
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j gene, with no detectable alteration in ex- 

j pression of the neighbouring IRF4 gene 

i {1174}. The most common partner is the 

I FR/AZH fragile site on 7q32.3. Rearrange¬ 

ments of TP63 occur in about 8% of cas- 

I es and encode p63 fusion proteins, most 

I commonly with TBL1XR1, as a result of 

inv(3)(q26q28) {3069,4161). Rearrange- 

i ment of DUSP22 or TP63 has not been 

' reported in ALK-i- ALCL, but can be seen 

in a fraction of other PTCLs. 

Several studies have shown differences 

i in copy-number abnormalities between 

: ALK- ALCL and both PTCL, NOS, and 

' ALK-t- ALCL, inciuding gains of 1q, 6p, 8q, 

■ and 12q and losses of 4q, 6q21 (encom- 

: passing the PRDM1 gene, which encodes 

■ PRDM1, also known as BLIMP1), 13q, and 

17p13 (TP53) {402,3488,4472). Despite 

' their biological and possible prognostic 

I importance (see below), none of the afore- 

: mentioned genetic abnormalities has an 

established diagnostic role in distinguish- 

5 ing ALK- ALCL from other entities. 

I Gene expression studies have shown that 

ij ALK- ALCL shares a common molecular 

signature with ALK-t- ALCL, but also shows 

differential expression of some genes, in¬ 

cluding a subset related to ALK signalling 

in the latter entity {403,1774,2196,3991). 

In addition, ALK- ALCL has a gene ex¬ 

pression profile distinct from that of PTCL, 

NOS {31,243,1775,3172,3202). As few 

as three genes {TNFRSF8, BATF, and 

TMOD1) could distinguish ALK- ALCL 

from PTCL, NOS, and cases reclassified 

from PTCL, NOS, to ALK- ALCL on the 

basis of molecular signature have been 

confirmed to be ALK- ALCL on pathologi¬ 

cal re-review (31,1775). 

Prognosis and predictive factors 
In general, the clinical outcome of 

ALK- ALCL with conventional therapy is 

poorer than that of ALK-f ALCL; however, 

the findings have been variable and may 

relate in part to patient age, International 

Prognostic Index (IPI) score, and the ge¬ 

netic heterogeneity in ALK- ALCL {1151, 

1306,1543,3536,3938). A report by the 

International Peripheral T-cell Lymphoma 

Project (3536) also showed outcome 

differences between PTCL, NOS, and 

ALK- ALCL. The 5-year failure-free sur¬ 

vival rate (36% vs 20%) and overall sur¬ 

vival rate (49% vs 32%) were superior in 

ALK- ALCL compared with PTCL, NOS. 

Furthermore, restricting the analysis to 

cases of PTCL, NOS, with high CD30 

expression (>80% of cells), which is the 

group most difficult to differentiate from 

ALK- ALCL, magnified the difference 

in 5-year failure-free survival rate and 

5-year overall survival rate (19%) com¬ 

pared with ALK- ALCL. A recent study 

found that ALK- ALCL with DUSP22 
rearrangement was associated with a 

5-year overall survival rate similar to that 

of ALK+ ALCL (90% vs 85%) (3069). 

Conversely, the 5-year overall survival 

rate associated with ALK- ALCL with 

TP63 rearrangement was only 17%, com¬ 

pared with 42% in ALK- ALCL with nei¬ 

ther DUSP22 nor TP63 rearrangement. 

Loss of PRDM1 (also known as BLIMP1) 
and/or TP53 has been associated with 

poor outcome {402). 

Breast implant-associated 
anaplastic large cell lymphoma 

Feldman A.L, 
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Campo E. 

Kinney M.C. 

Jaffe E.S. 

Falini B. 
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Pileri S.A. 

Definition 
This provisional entity is a T-cell lympho- 

; ma with morphological and immunophe- 

! notypic features indistinguishable from 

those of ALK-negative anaplastic large 

cell lymphoma (ALCL), arising primarily 

in association with a breast implant. 

i ICD-Ocode 9715/3 

Synonym 
Seroma-associated anaplastic large cell 

lymphoma 

Epidemiology 
Breast implant-associated ALCL is very 

rare, with an estimated incidence of 

1 case per 500 000 to 3 million women 

with implants (461). Although a possible 

etiological relationship between implants 

and ALCL has been suggested, large 

studies have not identified an increased 

risk of lymphoma in women with breast 

implants (895,2220,2358,2672). 

Localization 
The tumour cells may be localized to the 

seroma cavity or may involve the peri- 

capsular fibrous tissue, sometimes form¬ 

ing a mass. Locoregional lymph nodes 

may be involved. 

Clinical features 
The mean patient age is 50 years (2235, 

2672,3382). Most patients present with 

stage I disease, usually with a peri-implant 

effusion and less frequently with a mass. 

As many as 29% of patients have axillary 

lymphadenopathy, but not all biopsied 

nodes are positive for tumour. Rare cases 

present with disseminated disease. The 

mean interval from implant placement to 

lymphoma diagnosis is 10.9 years, but 

the interval varies greatly. No association 

with the type of implant (silicone vs saline, 

textured vs smooth) or with breast cancer 

history has been established. 

Microscopy 
The tumour cells may be identified initial¬ 

ly in cytology specimens from aspirated 

effusion fluid. At capsulectomy, the tu¬ 

mour cells often line the capsule and may 

show varying degrees of capsular infiltra¬ 

tion. In some cases, they extend beyond 

the capsule to form a mass, which may 

be palpable in the specimen at the time 

of gross evaluation (51). The tumour cells 

are typically large and pleomorphic, and 

the so-called hallmark cells seen in other 

forms of ALCL can usually be identified. 
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Fig. 14.175 Breast implant-associated anaplastic large cell lymphoma. A Section of the capsule surrounding the breast implant shows a fibrinous exudate, with atypical 

anaplastic cells in the fluid and exudate. B Seroma fluid contains pleomorphic tumour cells (Wright-Giemsa stain). C Tumour cells are strongly CD30-positive, and are confined 

to the surface of the exudate without invasion. 

Fig. 14.176 Breast implant-associated anaplastic large cell lymphoma. A The tumour cells have pleomorphic nuclear features. This case had invasion of the capsule and 

underlying breast, shown in B and C, B Some tumours may show invasion of the breast, which is associated with a more aggressive clinical course. C Neoplastic cells with 

strong staining for CD30 surround a duct in the breast. 

Immunophenotype 
The phenotype is similar to that of ALK- 

negative ALCL (51,3382,3911). Tumour 

cells show strong and uniform expres¬ 

sion of CD30, are negative for ALK, and 

often show incomplete expression of 

pan-T-cell antigens. 

Postulated normal counterpart 
An activated mature cytotoxic T cell 

Genetic profile 
TR genes are clonally rearranged in 

most cases. Tumours may show complex 

karyotypes (2246). Recurrent activating 

JAK1 and STATS mutations have been 

reported {391A). 

Prognosis and predictive factors 
Most patients have excellent outcomes, 

often after excision alone. The median 

overall survival is 12 years (2672). The 

most important adverse prognostic factor 

is the presence of a solid mass of tumour 

cells, which may indicate a need for sys¬ 

temic therapy (2229). In cases restrict¬ 

ed to the seroma cavity, the addition of 

chemotherapy does not appear to affect 

outcomes (2672), 
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Hodgkin lymphomas: Introduction Stein H. 
Pileri S.A. 
Weiss L.M. 
Poppema S. 
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Jaffe E.S. 

Definition 
Hodgkin lymphomas (HLs) are lym¬ 
phoid neoplasms usually affecting lymph 
nodes. They are composed of large dys- 
plastic mononuclear and multinucleated 
cells surrounded by a variable mixfure 
of mature non-neoplastic inflammatory 
cells. Abundant band-like and/or more 
diffuse collagen fibrosis may be present. 
The neoplastic cells are often ringed by 
T cells in a rosette-like manner. On the 
basis of the immunophenotype and mor¬ 
phology of the neoplastic cells and the 
cellular background, two major types of 
HL are recognized: nodular lymphocyte 
predominant HL (NLPHL) and classic HL 
(CHL). 
NLPHL differs from CHL in that the B-cell 
programme is generally preserved, al¬ 
though there may be partial loss of the 
B-cell phenotype (477). Both NLPHL 
and CHL are characterized by a paucity 
of neoplastic cells and a rich inflamma¬ 
tory background of non-neoplastic cells, 
mainly T cells. The features of NLPHL 
are more fully discussed in a subsequent 
section. 
CHL accounts for approximately 90% of 
all HLs, with a peak incidence among indi¬ 
viduals aged 15-35 years and a second 
peak in late life for subtypes other than 
nodular sclerosis. EBV infection plays 
a significant role in the pathogenesis of 
some subtypes, in particular mixed cel- 
lularity and lymphocyte-depleted forms. 
Patients usually present with peripheral 
lymphadenopathy, localized to one or 
two preferentially cervical lymph node¬ 
bearing areas, B symptoms consisting of 
fever, drenching night sweats, and signifi¬ 
cant body weight loss are present in as 
many as 40% of patients. 
Histopathologically, mononuclear Hodg¬ 
kin cells and multinucleated Reed-Stern- 
berg cells are seen in a cellular back¬ 
ground rich in lymphocytes, histiocytes, 
plasma cells, and/or eosinophils or neu¬ 
trophils. In >98% of cases, neoplastic 
cells are derived from mature B cells at 
the germinal centre stage of differen¬ 
tiation and contain clonal IG gene re¬ 
arrangements. Treatment advances have 

resulted in a 5-year survival rate of > 90%. 
Pour histological subtypes are distin¬ 
guished: nodular sclerosis CHL (NSCHL), 
lymphocyte-rich CHL (LRCHL), mixed 
cellularity CHL (MCCHL), and lympho¬ 
cyte-depleted CHL (LDCHL), These sub- 
types differ in the character of the micro¬ 
environment and the cytological features 
of the neoplastic cells. They also differ in 
their clinical features, risk factors, and as¬ 
sociation with EBV. 

Epidemiology 
Approximately 90% of HLs are of classic 
type, and only 10% are NLPHL {2230A). 
The age peak of NLPHL patients lies in 
the fourth and fifth decades of life, but 
NLPHL is also common in children. It is 
more common in males than in females. 
The patient age distributions of the vari¬ 
ous types of CHL vary greatly. MCCHL 
has a bimodal age distribution, with a 
peak in young patients and a second 
peak in older adults. NSCHL has a peak 
among individuals aged 15-35 years. 
There is a male predominance for most 
CHL subtypes, with the exception of 
NSCHL, in which the incidence is slightly 
higher in females. Individuals with a his¬ 
tory of infectious mononucleosis have a 
higher incidence of CHL, in particular the 
mixed cellularity subtype (2777). Both 

Fig. 15.01 Classic Hodgkin lymphoma. Spleen. 

familial clustering and geographical clus¬ 
tering have been described {2777}. The 
age-adjusted annual incidence rate of 
HL is 2.8 cases per 100 000 population. 
Unlike that of non-Hodgkin lymphoma, 
the incidence of HL has not increased 
over the past decades. 

Etiology 
EBV has been postulated to play a role in 
the pathogenesis of CHL. EBV is found 
in only a proportion of cases, most fre¬ 
quently In MCCHL and LDCHL, but a 
search for other viruses has been unsuc¬ 
cessful. Loss of immune surveillance in 
immunodeficiency states, such as HIV in¬ 
fection, may predispose individuals to the 
development of EBV-associated CHL. In 
tropical regions and developing coun¬ 
tries, as many as 100% of CHL cases are 

Age distribution of the two Hodgkin lymphoma entities: 
NLPHL and CHL 

Fig. 15.02 Age distribution of the two Hodgkin lymphoma entities: nodular lymphocyte predominant Hodgkin 

lymphoma (NLPHL) and classic Hodgkin lymphoma (CHL). Individuals with a history of infectious mononucleosis 

have a higher risk for the development of CHL; both familial clustering and geographical clustering have been 

described. From: Mueller NE and Grufferman S {2777}. 
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Fig. 15.03 Classic Hodgkin lymphoma. A Mononuclear Hodgkin cells (arrows) and a multinucleated Reed-Sternberg cell (arrowhead) are seen in a cellular background rich in 

lymphocytes and containing histiocytes and some eosinophils. B One mummified Hodgkin cell (arrow) and four vital Hodgkin cells can be seen. 

EBV-positive {125,276,1190,2276,4277, 

4278}. However, there are differences 

between urban and rural areas. For ex¬ 

ample, NSCHL is more common in urban 

areas, whereas EBV-positive MCCHL is 

more common in rural regions (1092). 

Delayed exposure to childhood infec¬ 

tions has been postulated to play a role 

{1383}. It Is possible that EBV infection of 

a B cell replaces one of the genetic al¬ 

terations necessary for the development 

of CHL. NLPHL is only rarely positive for 

EBV (<5% of cases) {1736}. 

Localization 
CHL most often involves lymph nodes of 

the cervical region (75% of cases), fol¬ 

lowed by the mediastinal, axillary, and 

para-aortic regions. Non-axial lymph 

node groups, such as mesenteric and 

epitrochlear lymph nodes, are rarely 

involved. Primary extranodal involve¬ 

ment is rare. More than 60% of patients 

have localized disease (stage I or II). 

Approximately 60% of patients, most with 

NSCHL, have mediastinal involvement. 

Splenic involvement is common (20%) 

and is associated with an increased risk 

of extranodal dissemination. Bone mar¬ 

row involvement is much less common 

(5%). Because the bone marrow lacks 

lymphatics, bone marrow infiltration in¬ 

dicates vascular dissemination of the 

disease (stage IV). The anatomical dis¬ 

tribution varies between the histological 

subtypes of CHL {3654}. NLPHL tends 

to spare axial lymph node groups, and 

is more common in peripheral lymph 

nodes. The mediastinum is uncommon¬ 

ly involved, but mesenteric lymph node 

involvement may be seen. 

Clinical features 
Patients with CHL usually present with 

peripheral lymphadenopathy, localized 

to one or two lymph node-bearing areas. 

Mediastinal involvement is most frequent¬ 

ly seen in the nodular sclerosis subtype, 

whereas abdominal involvement and 

splenic involvement are more common in 

mixed cellularity cases. B symptoms con¬ 

sisting of fever, drenching night sweats, 

and significant body weight loss are 

present in as many as 40% of patients. 

Most patients with NLPHL are asympto¬ 

matic and present with enlargement of 

peripheral lymph nodes; B symptoms are 

rare. 

Macroscopy 
Lymph nodes are enlarged and encap¬ 

sulated, and show a fish-flesh tumour on 

cut section. In NSCHL, there is prominent 

nodularity, dense fibrotic bands, and a 

thickened capsule. Splenic involvement 

usually shows scattered nodules within 

the white pulp. Very large masses are 

sometime seen; these can demonstrate 

fibrous bands in the nodular sclerosis 

Fig. 15.05 Hodgkin lymphoma. This classic Reed- 

Sternberg cell is binucleated, with prominent eosinophilic 

nucleoli, producing the so-called owl’s eye appearance. 

Age distribution of CHL subtypes 
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Fig. 15.04 Age distribution of classic Hodgkin lymphoma (CHL) subtypes. Individuals with a history of infectious 

mononucleosis have a higher risk for the development of CHL. LDCHL, lymphocyte-depleted CHL; LRCHL, 

lymphocyte-rich CHL; MCCHL, mixed cellularity CHL; NSCHL, nodular sclerosis CHL. 

From: Mueller NE and Grufferman S (2777). 
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Table 15.01 Differential diagnosis of Hodgkin lymphoma: comparative tumour cell immunophenotypes 

Marker NLPHL THRLBCL CHL DLBCL 

ALCL, 

ALK+ 

ALCL, 

ALK- 

CD30 _ a _ a + -A'’ + + 

CD15 - - +/- - _ c _ c 

CD45 + + - + +A +A 

CD20 + + + - - 

CD79a + + -/+ + - - 

CD75 + + - + - - 

PAX5 + + + - - 

J chain +/- +/- - -A - - 

Ig +/- +/- +A - - 

OCT2 s+ s+ _/+g + n/a n/a 

BOB1 + + _ h + n/a n/a 

CD3 - - _ a - -A -A 

CD2 - - _ a - -A +A 

Perforin/ 

granzyme B 

- - _ a - + + i 

CD43 - - - -A +A +A 

EMA +/- +/- - j -A^ +A +A 

ALK - - - - + - 

LMP1 - - +/- -A - - 

+, All (or nearly all) cases positive; +/-, majority of cases positive; -/+, minority of cases positive; all (or nearly 

all) cases negative; ALCL, anaplastic large cell lymphoma; CHL, classic Hodgkin lymphoma; DLBCL, diffuse 

large B-cell lymphoma; Ig, immunoglobulin; n/a, not applicable; NLPHL, nodular lymphocyte predominant 

Hodgkin lymphoma; S, strong expression; THRLBCL, T-cell/histiocyte-rich large B-cell lymphoma. 

^ Positive in fewer than 10% of cases. 

Prominent expression in anaplastic variant and variable expression in mediastinal large B-cell subtype. 

Occasional cases may show focal positivity. 

Present in as many as 40% of cases, but usually expressed on a minority of tumour cells, with variable 

intensity. 

® As many as 10% might be negative. 

^ The common positivity for IgG and both Ig light chains reflects uptake of these proteins by the tumour cells 

rather than synthesis. 

5 Strong expression found in ~10% of the cases. 

Rare cases (-10%) may show scattered weak positivity. 

' Only a minority of cases are negative, 

i Weak expression may be seen in tumour cells in 5% of cases. 

'' Most frequently positive in DLBCLs with anaplastic morphology. 

subtype. CHL in the thymus can be as¬ 

sociated with cystic degeneration and 

epithelial hyperplasia (2349). Rare cases 

can be confined to the thymus. 

Microscopy 
In CHL, the lymph node architecture is 

effaced by variable numbers of Hodgkin/ 

Reed-Sternberg (HRS) cells admixed 

with a rich inflammatory background. 

Classic diagnostic Reed-Sternberg 

cells are large, have abundant slightly 

basophilic cytoplasm, and have at least 

two nuclear lobes or nuclei. The nuclei 

are large and often rounded in contour, 

with a prominent, often irregular, nuclear 

membrane; pale chromatin; and usually 

one prominent eosinophilic nucleolus. 

with perinuclear clearing (a halo), resem¬ 

bling a viral inclusion. Prototypical Reed- 

Sternberg cells have at least two nucleoli 

in two separate nuclear lobes: the so- 

called owl’s eye appearance. Mononu¬ 

clear variants are termed Hodgkin cells. 

Some HRS cells may have condensed 

cytoplasm and pyknotic reddish nuclei. 

These variants are known as mummified 

cells. Many of the neoplastic cells are not 

prototypical Reed-Sternberg cells. The 

lacunar Reed-Sternberg variant is char¬ 

acteristic of nodular sclerosis CHL. 

The neoplastic cells typically constitute 

only a minority of the cellular infiltrate, 

amounting to 0.1-10%. The composition 

of the reactive cellular infiltrate varies ac¬ 

cording to the histological subtype. 

Involvement of secondary sites (bone 

marrow and liver) is determined based 

on the identification of atypical mononu¬ 

clear (CD30-(- Hodgkin cells with or with¬ 

out CD15 expression in the appropriate 

inflammatory background); thus, diag¬ 

nostic multinuclear Reed-Sternberg cells 

are not required in a patient with CHL dia¬ 

gnosed at another site {3311}. 

The neoplastic cells of NLPHL are re¬ 

ferred to as lymphocyte predominant 

(LP) cells. They have lobed nuclei, usu¬ 

ally with smaller basophilic nucleoli than 

are seen in CHL. They have a rim of pale 

cytoplasm. The background differs from 

that of CHL in that it has a predominance 

of lymphooytes. Epithelioid histiocytes, 

sometimes in clusters, may be abundant, 

often around the nodules. 

Immunophenotype 
The HRS cells of CHL are positive for 

CD30 in nearly all cases {3590,3783, 

3787) and for CD15 {1716,3787,3788} 

in the majority (75-85%). They are usu¬ 

ally negative for CD45 and are consist¬ 

ently negative for J chain, CD75, and 

macrophage-specific markers such as 

the PGM1 epitope of the CD68 molecule 

{724,1143} (Table 15.01). Both CD30 and 

CD15 are typically present in a mem¬ 

brane pattern, with accentuation in the 

Golgi area of the cytoplasm; CD15 may 

be expressed by only a minority of the 

neoplastic cells and may be restricted 

to the Golgi region. In 30-40% of cases, 

CD20 may be detectable but is usually 

of varied intensity and usually present 

only on a minority of the neoplastic cells 

{3565,4504). The B-cell-associated an¬ 

tigen CD79a is less often expressed. 

The B-cell nature of HRS cells is further 
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Fig. 15.06 Classic Hodgkin lymphoma. A The cytokine receptor CD30 is seiectively expressed by the Hodgkin/Reed-Sternberg ceils. B The typical membrane and perinuclear 

dot-like staining of a large Reed-Sternberg cell for CD15 is seen. The small binucleated Reed-Sternberg cell (arrowhead) shows only a very faint labelling. In addition, three 

neutrophil granulocytes (arrows) are strongly labelled. C Touch imprint of a binucleated Reed-Sternberg cell ringed by lymphocytes. 

demonstrable in approximately 95% of 

cases by their expression of the B-cell- 

specific activator protein PAX5 (also 

called BSAP) (1238). The immunostain- 

ing of HRS cells for PAX5 is usually 

weaker than that of reactive B cells, a 

feature that makes the PAXS-f HRS cells 

easily identifiable. The transcription fac¬ 

tor IRF4/MUM1 is consistently positive in 

HRS cells, usually at high intensity. In one 

I study, PRDM1 (also known as BLIMP1), 

; the key regulator of plasma cell differ- 

I entiation, was expressed in only a small 

proportion of HRS cells in 25% of CHLs 

(492). The plasma cell-associated ad¬ 

hesion molecule CD138 is consistently 

‘ absent {492}. EBV-infected HRS cells ex¬ 

press LMP1 and EBNA1 without EBNA2, 

a pattern characteristic of type II EBV 

latency {950). EBV-encoded LMP1 has 

strong transforming and antiapoptotic 

potential. 

Membranous and less often globular cy¬ 

toplasmic expression of one or more T- 

cell antigens by a minority of HRS cells 

may be encountered in some cases 

{862,4176). However, this is often difficult 

to assess because of the T cells that usu¬ 

ally surround the HRS cells. Most T-cell 

antigen-positive CHL cases have both 

PAX5 expression and IG gene rearrange¬ 

ment in the HRS cells, so that the expres¬ 

sion of T-cell antigens is either aberrant 

or artefactual {3614,4176). Expression of 

EMA is rare and usually weak if present. 

A further characteristic finding is the ab¬ 

sence of the transcription factor OCT2 

(also known as POU2F2) in up to 90% of 

cases in some reports and the absence 

of its coactivator BOB1 (also known as 

POU2AF1) in the same proportion {2379). 

The transcription factor PU1 is consist¬ 

ently absent from HRS cells {2379,4027}. 

Most HRS cells express the proliferation- 

associated nuclear antigen Ki-67 {1332). 

CHL cases rich in neoplastic cells may 

resemble anaplastic large cell lymphoma 

(ALCL), a T-cell neoplasm. Their identi¬ 

fication as CHL is facilitated by demon¬ 

strating positivity for PAX5 and absence 

of EMA and ALK protein {1238,3782). The 

detection of EBV-encoded small RNA 

(EBER) or LMP1 favours CHL over ALCL 

{1731}. The most difficult differential di¬ 

agnosis is with diffuse large B-cell lym¬ 

phoma displaying anaplastic morphology 

and expressing CD30. There may be 

a true biological overlap between such 

cases and CHL, especially in cases with 

mediastinal disease. 

Unlike CHL, NLPHL generaily shows 

preservation of the B-cell programme. 

The LP cells are positive for CD20, 

CD79a, PAX5, OCT2, and BOB1. EMA 

is sometimes positive, but often only in a 

fraction of the LP cells, IgD (but not IgM) 

is expressed in LP cells in a subset of 

cases, most commonly in young males 

{3231). However, stains for immuno¬ 

globulin iight chains are generally nega¬ 

tive. CD30 may be weakly expressed in 

some cases, but CD15 is neariy always 

negative. 

Cytokines and chemokines 
CHL is associated with overexpression 

and an abnormal pattern of cytokines 

and chemokines and/or their receptors 

in HRS cells {1613,1751,1897,1899,1937, 

4120), which likely explains the abundant 

admixture of inflammatory cells {1876, 

3944), the fibrosis (1897), and the pre¬ 

dominance of T helper 2 (Th2) cells in the 

infiltrating T-cell population {4120). 

Postulated normal counterpart 
Classic Hodgkin lymphonna (CHL) 
The cellular origin of HRS was unknown 

for many years, because the ceils lack 

the morphology and immunophenotype 

of any normal counterpart. However, 

IG gene rearrangement studies have 

provided convincing evidence that HRS 

* . 
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Fig, 15.07 Classic Hodgkin lymphoma. A The immunostaining for PAX5 labels the nuclei of the Hodgkin/Reed-Sternberg (HRS) cells weakly and those of the non-neoplastic by¬ 

stander B cells strongly. B Immunostaining for BOB1 (the coactivator of the octamer-binding transcription factors OCT1 and OCT2) fails to stain the HRS cells in most instances. 

This is in contrast to the non-neoplastic bystander B cells and plasma cells, which show a moderately strong to strong labelling of their nuclei and in part of their cytoplasm, C Im¬ 

munostaining for the octamer-binding transcription factor OCT2 is negative in the HRS cells, whereas the non-neoplastic bystander B cells show a nuclear positivity. 
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Fig. 15.08 Classic Hodgkin lymphoma. A Radioactive in situ hybridization for Igp mRNA is negative in the Hodgkin/Reed-Sternberg cells (arrows), whereas the two non¬ 

neoplastic plasma cells in the upper edges are strongly positive, and the non-neoplastic bystander small B cells are moderately strongly positive. B Immunostaining for the 

antiapoptotic TRAF1 protein. The Hodgkin/Reed-Sternberg cells strongly overexpress TRAF1. 

cells are clonal and derived from germi¬ 

nal centre B cells despite the frequent ab¬ 

sence of B-cell markers other than PAX5. 

Thus, HRS cells are one of the most ex¬ 

treme examples of discordance between 

genotype and phenotype (1934,2495). 

The HRS cells of rare CHL cases have 

been reported to harbour clonally re¬ 

arranged TR genes, indicating that ex¬ 

ceptional cases with morphological fea¬ 

tures of CHL may be derived from T cells 

(2798,3614). Because the neoplastic 

cells in some cases of peripheral T-cell 

lymphoma can have an appearance 

similar to that of HRS cells, the differen¬ 

tial diagnosis is challenging. Addition¬ 

ally, some peripheral T-cell lymphomas 

express CD30 and CD15, making their 

distinction from CHL even more difficult 
(277). 

Nodular lymphocyte predominant 
Hodgkin lymphoma (NLPHL) 
Due to their expression of B-cell markers, 

LP cells were more readily identified as 

B-cell derived (783,3192,3193), and this 

origin was confirmed by rearrangement 

studies of the IGH gene. These studies 

also showed that LP cells are clonal ex¬ 

pansions of B cells with genotypic fea¬ 

tures of GCBs, indicating that LP cells 

constitute a neoplasm of this B-cell type. 

Genetic profile 
Antigen receptor genes 
Rearrangement studies of antigen recep¬ 

tor genes of LP or HRS cells usually pro¬ 

vide only reliable results for these cells 

when DMA of isolated single LP and HRS 

ceils is investigated and not whole tissue 

DMA. 

NLPHL 

In all cases LP cells harbour a clonal im¬ 

munoglobulin gene rearrangement with a 

high load of somatic mutations and signs 

of ongoing mutations in the variable (V) 

region. The rearrangements are usually 

functional and IG mRNA transcripts are 

detectable in the LP cells. Consistent 

with this finding, the transcription factor 

OCT2 and its coactivator BOB1, which 

are dominantly involved in the regulation 

of the expression of IG mRNA, are con¬ 

sistently expressed (3785). 

CHL 

HRS cells contain clonal immunoglobulin 

gene rearrangements in more than 98% 

of cases. The rearranged IGHV genes 

harbour a high load of somatic hyper¬ 

mutations in the variable (V) region, usu¬ 

ally without signs of ongoing mutations. 

However, the B-cell program is down- 

regulated in CHL, and HRS cells do not 

express immunoglobulin transcripts. 

Experimental data from several studies 

partially explain this defect. In approxi¬ 

mately 25% of cases of CHL nonsense 

mutations in the V region genes were 

identified, which were proposed to result 

in the failure of Ig secretion (1934). A ma¬ 

jor contributory factor is the absent or de¬ 

creased expression in most cases of CHL 

of the transcription factors (OCT2, BOB1) 

that regulate Ig expression (3785). Final¬ 

ly, there is evidence of hypermethylation 

of multiple genes and pathways in CHL, 

which may further contribute to the dam¬ 

age to the B-cell programme (2180A}. 

These findings, in conjunction with the 

study of composite lymphomas consist¬ 

ing of CHL and follicular non-Hodgkin 

lymphoma, support the assumption that 
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Fig. 15.09 Classic Hodgkin lymphoma. A EBV-infected Hodgkin/Reed-Sternberg cells strongly express the EBV-encoded latent membrane protein LMP1. B EBV-infected 

Hodgkin/Reed-Sternberg cells consistently show a strong expression of EBV-encoded small RNA (EBER) in their nuclei as revealed by non-radioactive in situ hybridization. 
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Fig. 15.10 Hodgkin lymphoma. Historical overview of progress in the treatment of advanced stage CHL since 1940. 

i HRS cells of B-cell lineage are derived 
, from a GCB {486,24941. 

I 

1 Abnormal gene expression 
. Despite their derivation from GCBs, HRS 

cells have lost much of the B-cell-speoif- 

ic expression programme and have ac¬ 

quired B-cell-inappropriate gene prod- 

I ucts (1083,1838,2178,2498,2560,3594, 

' 3786}. In addition, deregulated transcrip¬ 

tion factors in CHL promote proliferation 

and abrogate apoptosis in the neoplastic 

i cells. The transcription factor NF-kappaB 

is constitutively activated in HRS cells, 

and there is altered activity of the NF- 

’ kappaB target genes, which regulate 

proliferation and survival {1637,1638, 

1751}, the API complex (2559,2560), and 

the JAK/STAT signalling pathway (3693). 

Mutations of the JAK regulator SOCS1 

are associated with nuclear STAT5 accu- 

' mulation in HRS cells, indicating a block¬ 

age of the negative feedbaek loop of the 

JAK/STAT5 pathway {1879,2625,4297}. 

' EBV infection 
The prevalence of EBV in HRS cells var¬ 

ies according to the histologioal sub- 

type and epidemiological factors. The 

highest prevalence (-75%) is found in 

MCCHL and LDCHL and the lowest (5%) 

in NLPHL {1731,1736}. NSCHL shows 

an intermediate range of EBV-positivity 

I (10-25%). In resource-poor regions and 

in patients infected with HIV, EBV infec¬ 

tion is more frequent, with prevalence 

approaching 100% in CHL {125,2276, 

■ 4277,4278}. The prevalent EBV strain 

■ also varies across geographical areas. In 

resource-rich countries, strain 1 prevails; 

in resource-poor oountries, strain 2. Dual 

infection by both strains is more common 

: in resource-poor countries (466,4277, 

4278}. 

It is possible that EBV infection of a B cell 

replaces one of the genetic alterations 

I necessary for the development of CHL. 

; Loss of immune surveillance in immuno¬ 

deficiency settings, such as HIV infec¬ 

tion, may predispose individuals to the 

development of EBV-associated CHL. In 

tropical regions, resource-poor regions, 

and patients infeoted with HIV, as many 

as 100% of CHL cases are EBV-positive 

{125,2276,4277,4278}. Most patients with 

AIDS-associated CHL are EBV-infected. 

In 1991-1995, AIDS-associated non- 

Hodgkin lymphomas were 30 times as 

frequent as were CHLs, but during the 

period of 2001-2005, the ratio of non- 

Hodgkin lymphoma cases to CHL cas¬ 

es fell to 7:1. This change might have 

been influenced by the development of 

HAART. The risk for the development of 

CHL appears to be higher in patients 

with moderately decreased CD4 counts 

than in patients with very low CD4 counts 

{1391}. 

Cytogenetic abnormalities and 
oncogenes in CHL 
Despite their derivation from GCBs, the 

HRS cells lack much of the B-cell-spe- 

cifio expression programme, and ex¬ 

press B-cell-inappropriate gene prod¬ 

ucts, such as CD15, GATA3, TRAF1, ID2, 

ABF1, JUN, JUNB, API, FLIP (CFLAR), 

JAK/STAT, and STAT5 {1083,1838,2178, 

2498,2560,3594}. In addition, deregulat¬ 

ed transcription factors in CHL promote 

proliferation and abrogate apoptosis in 

the neoplastic cells. NF-kappaB-induc- 

ing kinase (NIK) is stably expressed in 

the HRS cells, indicating that NIK and 

the non-canonical NF-kappaB pathway 

are very prevalent in CHL {3307}. The 

transcription factor NF-kappaB is consti¬ 

tutively activated in HRS cells, and there 

is altered activity of the NF-kappaB tar¬ 

get genes, which regulate proliferation 

and survival {1637,1638,1751}, the API 

complex {2559,2560}, and the JAK/ 

STAT signalling pathway {3693}. Muta¬ 

tions of SOCS1, a negative regulator of 

JAK, are associated with nuclear STAT5 

accumulation in HRS cells, indicating a 

blockage of the negative feedback loop 

of the JAK/STAT5 pathway (1879,2625, 

4297}. Despite the frequent overexpres¬ 

sion of p53, mutations of TP53 are rare 

or absent in primary CHL tissue {2711}. 

CHL has a high incidence of aberra¬ 

tions in the CD274 (also called PDL1) 
and PDCD1LG2 (also called PDL2) loci 

at 9p24.1, leading to increased expres¬ 

sion of PD1 ligands {3391A). The 9p24.1 

region also includes the JAK2 gene 

{3453}. JAK2 amplification induces 

transcription and expression of the PD1 

ligand {1436}. 

Whole-exome sequencing of purified 

HRS cells has shown the inactivating 

B2M mutation to be the most frequently 

detected gene mutation in CHL. This mu¬ 

tation leads to loss of major histocompat¬ 

ibility complex (MHC) class I expression 

{3334}. 

Conventional cytogenetio and FISH stud¬ 

ies show aneuploidy and hypertetra- 

ploidy, consistent with the multinucleation 

of the neoplastic cells; however, these 

techniques fail to demonstrate recurrent 

and specific chromosomal changes in 

CHL {3524,3557}. However, comparative 

genomic hybridization reveals recurrent 

gains of the chromosomal subregions 

on ohromosome arms 2p, 9p, and 12q 

and distinct high-level amplifications 

on chromosome bands 4p16, 4q23-24, 

and 9p23-24 {1880}. The translocations 

t(14;18) and t(2;5) are absent from HRS 

cells {1427,2199}, but t(14;18) may occur in 

CHL arising in follicular lymphoma {2811}. 

One study using interphase cytogenetios 

found breakpoints in the IGH locus in HRS 

cells in 17% of CHL cases {2526}. Array 

comparative genomic hybridization iden¬ 

tified copy number alterations in >20% of 

cases {3780}. Gains in 2p, 9p, 16p, 17q, 

19q, and 20q were noted, as were losses 

of 6q, 11q, and 13q. The affected gene 

segments harbour genes involved in NF- 

kappaB signalling, such as PEL, IKBKB, 
CD40, and MAP3K14. 
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Genetic susceptibility 
Some novel gene loci have been iden¬ 

tified as being linked to risk for the de¬ 

velopment of CHL, irrespective of EBV 

status 11867,4092), The association be¬ 

tween SNP rs6903608 and EBV-negative 

CHL was limited to the nodular sclerosis 

histological subtype. Other associations 

involving HLA class I have been identi¬ 

fied in EBV-positive CHLs, mainly of the 

mixed cellularity subtype {1867}. In one 

study, the allele frequency of HLA-A2 

was significantly decreased in the EBV- 

positive CHL population {1726}. Two 

class II associations were observed to be 

specific for the EBV-negative population, 

with an increase of HLA-DR2 and HLA- 

DR5. HLA-B5 was significantly increased 

and HLA-DR7 significantly decreased in 

the total CHL patient population com¬ 

pared with controls. These observations 

confirm the relevance of histological sub¬ 

typing of CHL, and in particular the dif¬ 

ferences between EBV-positive and EBV- 

negative cases. 

Prognosis and predictive factors 
CHL 

With modern polychemotherapy pro¬ 

tocols such as ABVD (i.e. doxorubicin, 

bleomycin, vinblastine, and dacarbazine) 

and escalated BEACOPP (bleomycin. 

etoposide, doxorubicin, cyclophospha¬ 

mide, vincristine, procarbazine, and 

prednisone), and with improvements 

in radiotherapy, CHL is now curable 

in >85% of cases {790,979}. Patients 

receive stage-adapted treatment after 

allocation to defined risk groups (early, in¬ 

termediate, and advanced stages) on the 

basis of the extent of disease (according 

to the Ann Arbor system) and the pres¬ 

ence or absence of clinical risk factors 

such as large mediastinal (bulky) mass, 

extranodal disease, elevated erythrocyte 

sedimentation rate, and involvement of 

three (or four) nodal areas. In advanced 

stages, the International Prognostic 

Score (IPS), consisting of seven risk fac¬ 

tors, correlates with prognosis {1581, 

2683}. In recent years, interim FDG-PET 

has been recognized as a valid tool to 

distinguish between good-risk patients 

and poor-risk patients requiring more¬ 

intensive treatment {70,1281,1581,1744, 

1886}. In addition to conventional chem¬ 

otherapy, novel targeted treatment ap¬ 

proaches using the histological proper¬ 

ties of CHL have become available. The 

CD30-directed antibody-drug conjugate 

brentuximab vedotin has already been 

approved for the treatment of patients 

with relapsed/refractory CHL, and its 

combination with conventional chemo¬ 

therapy is under evaluation {4443}. Anti- 

PD1 antibodies have also been investi¬ 

gated in clinical studies, with promising 

initial results in patients with relapsed dis¬ 

ease {113}, Studies using gene expres¬ 

sion profiling have identified a signature 

associated with tumour-infiltrating mac¬ 

rophages associated with an adverse 

prognosis {3778}, In the same study, the 

authors enumerated macrophages posi¬ 

tive for CD68 and correlated the results 

with clinical outcome. A high content of 

CD68-I- cells correlated with reduced 

progression-free survival. The signifi¬ 

cance of macrophage content has been 

confirmed in some studies {4034,4084), 

but not in others {38,204,600}, and mac¬ 

rophage content is not routinely used as 

a measure to guide therapy or for prog¬ 

nosis, Notably, a high content of tumour- 

infiltrating macrophages is a feature of 

some aggressive forms of CHL, such as 

the lymphocyte-depleted subtype, 

NLPHL 

Historically, the treatment of NLPHL has 

been based on treatment approaches 

used for CHL, However, approaches 

have more recently diverged on the basis 

of clinical observations and differences 
in underlying biology. 
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i Nodular lymphocyte predominant 
i Hodgkin lymphoma 

1= 

ii 

Definition 
I Nodular lymphocyte predominant Hodg- 

i kin lymphoma (NLPHL) is a B-cell neo- 

! plasm usually characterized by a nodular 

or a nodular and diffuse proliferation of 

small lymphocytes with single scattered 

ji large neoplastic cells known as lympho- 

f cyte predominant (LP) or popcorn cells, 

I formerly called L&H cells for lymphocytic 

I and/or histiocytic Reed-Sternberg cell 

I variants. The LP cells are ringed by PD1/ 

I CD279+ T cells in almost all instances. 

I In typical cases, the LP cells reside in 

i large nodular meshworks of follicular 

I dendritic cell (FDC) processes that are 

filled with non-neopiastic lymphocytes 

;; (mainly B cells) and histiocytes. They can 

I also grow in an extrafollicular distribution 

;! associated with a diffuse background of 

I T cells. There is increasing evidence that 

I NLPHL cases with a purely diffuse growth 

! pattern overlap with T-cell/histiocyte-rich 

i large B-cell lymphoma (THRLBCL). 

i ICD-0 code 9659/3 
I 

\ 

Synonyms 
i Hodgkin lymphoma, lymphocyte pre- 

I dominance, nodular; Hodgkin paragranu- 

j loma, NOS (obsolete); Hodgkin paragran- 

i uloma, nodular (obsolete) 
I 

' Epidemiology 
: NLPHL accounts for approximately 10% 

; of all Hodgkin lymphoma {2230A). Pa- 

I tients are predominantly male and most 

' are aged 30-50 years. 

Localization 
NLPHL usually involves cervical, axillary, 

or inguinal lymph nodes. Mediastinal 

involvement is rare. Mesenteric lymph 

node involvement can be seen, unlike in 

classic Hodgkin lymphoma (CHL). Pa¬ 

tients with advanced disease may have 

involvement of the spleen and bone mar¬ 

row. Rare cases may have destructive le¬ 

sions involving bone. 

Clinical features 
Most patients present with localized pe¬ 

ripheral lymphadenopathy (stage I or II). 

Approximately 20% of patients present 

with advanced-stage disease (3654). 

Microscopy 
The lymph node architecture is totally or 

partially replaced by a nodular, nodular 

and diffuse, or predominantly diffuse in¬ 

filtrate consisting of small lymphocytes, 

histiocytes, epithelioid histiocytes, and 

intermingled LP cells. A detailed de¬ 

scription of growth patterns observed 

in NLPHL has been given by Fan et al. 

(1159). Six distinct immunoarchitectural 

patterns are recognized: pattern A is 

typical (B-cell-rich) nodular; pattern B is 

serpiginous nodular; pattern C is nodu¬ 

lar with prominent extranodular LP cells; 

pattern D is T-ceil-rich nodular; pattern E 

is THRLBCL-like, and pattern F is diffuse 

B-cell-rich. In NLPHLs of patterns A, B, 

C, and F, the architectural background 

is composed of variably large spheri¬ 

cal meshworks of FDCs. A prominence 

of extranodular LP cells is associated 

with a propensity to develop a diffuse 

pattern, with a loss of FDC meshworks. 

Stein H. 

Swerdlow S.H. 

Gascoyne R.D. 

Poppema S. 

Jaffe E.S. 

Filer! S.A. 

resembling THRLBCL. Such progression 

to a process with features of THRLBCL 

is seen more frequently in patients with 

recurrence (1159). For lesions that ap¬ 

pear totally diffuse on H&E staining, im- 

munostaining is needed to detect the 

presence of LP cells in association with 

small B-cells in residual follicular struc¬ 

tures. The detection of one such area is 

sufficient to exclude THRLBCL. 

LP cells are large and usually have one 

large nucleus and scant cytoplasm. The 

cells have been referred to as popcorn 

cells due to their nuclei, which are often 

folded or multilobed. The nucleoli are usu¬ 

ally multiple, basophilic, and smaller than 

those seen in classic Hodgkin/Reed- 

Sternberg cells. However, some LP cells 

may contain one prominent nucleolus 

and/or have more than one nucleus, and 

thus may be indistinguishable from clas¬ 

sic Hodgkin/Reed-Sternberg (HRS) cells 

on purely cytological grounds. Histio¬ 

cytes and some polyclonal plasma cells 

can be found at the margin of the nod¬ 

ules containing LP cells. Neutrophils and 

Fig. 15.11 Nodular lymphocyte predominant Hodgkin lymphoma. A The nodules, which are usually larger than those 

in follicular lymphoma and follicular hyperplasia, lack mantle zones. B Three lymphocyte predominant (LP) cells 

(arrows), also called popcorn cells, with the typically lobed nuclei, are visible in a background of small lymphoid 

cells and a few histiocytes. C CD20 staining reveals that the nodules consist predominantly of B cells. D At higher 

magnification, the strong membrane staining of the LP cells for CD20 is apparent. 
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Fig. 15.12 Progressive transformation of germinal centres. A An enlarged lymph node with two progressively 

transformed germinal centres, with several normal germinal centres in between. B Higher magnification shows a 

predominance of small lymphocytes, with rare centroblasts and centrocytes. Lymphocyte predominant (LP) cells 

are absent. 

eosinophils are seldom seen in either the 

nodular or the diffuse regions. Occasion¬ 

ally, there is reactive follicular hyperplasia 

(with or without progressive transforma¬ 

tion of germinal centres) adjacent to the 

NLPHL lesions {91,1557}. It is uncertain 

whether the progressively transformed 

germinal centres are preneoplastic. How¬ 

ever, the vast majority of patients with 

reactive hyperplasia and progressive 

transformation of germinal centres do 

not develop Hodgkin lymphoma {1207, 

2994). A rim of reactive lymphoid tissue 

may be seen peripherally to the dominant 

nodular lesion. 

Sclerosis is infrequently present in pri¬ 

mary biopsies (7%), but can be found 

more frequently in recurrences (44%). 

Remnants of small germinal centres are 

infrequently present in the nodules of 

NLPHL, a finding more typical of nodular 

lymphocyte-rich CHL {91,1159}. 

Fig. 15.13 Nodular lymphocyte predominant Hodgkin lymphoma. Immunostalning for CD21 highlights the expanded 

meshwork of follicular dendritic cells in the nodules of this lymphoma type. 

Fig. 15.14 Nodular lymphocyte predominant Hodgkin lymphoma. A Cytoplasmic positivity of the lymphocyte 

predominant (LP) cells, also called popcorn cells, for J chain. B Membrane and dot-like staining in the Golgi region 

for EMA. 

Immunophenotype 
LP cells are positive for CD20, OCT2, ' 

CD75, CD79a, BOB1, PAX5, and CD45 | 

in all or nearly all cases {783,3192,3193, ! 

3785}, Staining for OCT2 and CD75 is ; 

strong and highlights the presence of { 

LP cells; admixed small mantle zone j 

B cells are only weakly positive {472, | 

3785}. J chain is present in most cases 

and EMA in >50% {91,724,3218,3784} 

(Table 15.01, p.426). LP cells are posi¬ 

tive for BCL6 {1139}, but CD10 is absent. 

Unlike the HRS cells in CHL, LP cells co¬ 

express OCT2, BOB1, and activation-in¬ 

duced cytidine deaminase {2762,3785}. 

Staining for immunoglobulin light and/or 

heavy chains is variable {3565,3566}, In 

9-27% of cases, the LP cells are IgD- 

positive, but negative for IgM {1451,3231}, 

The expression of IgD is more common in j 

young males {3231}. LP cells lack CD15 I 
and CD30 in nearly all instances. Howev- j 

er, CD30+ large cells, which usually con¬ 

stitute reactive immunoblasts unrelated 

to the LP cells, may be seen {91}. Infre¬ 

quently, the LP cells show weak expres¬ 

sion of CD30, and rare cases with CD15 

positivity have been reported {4175}. As 

revealed by their nuclear positivity for 

Ki-67, LP cells are usually in cycle. 

FDC meshworks highlighted by CD21 or 

other FDC-associated antigens are seen 

in the patterns A, B and C described by 

Fan et al. {1159}. The FDC meshworks 

are predominantly filled with small by¬ 

stander B cells and a varying number of 

T cells of the TFH type typically express¬ 

ing PD1/CD279 and/or CD57 {3219}. 

PD1-I- T cells form rosettes around 

LP cells in all NLPHL cases with a nodu¬ 

lar or a nodular and diffuse growth pat¬ 

tern, and to a lesser and variable extent 

in the diffuse areas (2822). The rosette 

formation by PDI-t- T cells can therefore 

serve as a useful additional diagnostic 

feature. The T cells in NLPHL express 

molecules such as MAF (also called c- 

MAF), BCL6, IRF4/MUM1, and CD134, 

consistent with a subset of germinal cen¬ 

tre T cells, but they do not produce IL2 

or IL4 {175}. Cells positive for TIA1 and 

CD40 ligand are usually absent, whereas 

T cells double-positive for CD4 and CDS 

detected by flow cytometry are frequent 

{882,3281}. In diffuse growth patterns, 

the presence of CD4-hCD8-t-/CD57-f/ 

PD1-F T cells favours NLPHL, whereas 

a total absence of small B cells, low 

numbers of CD57-f T cells, and a domi¬ 

nant presence of CD8-1- cells and TIAI-r- 
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Fig. 15.15 Nodular lymphocyte predominant Hodgkin lymphoma with variant growth pattern, immunostained for 

0CT2. A Diffuse, T-cell-rich (T-cell/histiocyte-rich large B-cell lymphoma-like) area with few scattered lymphocyte 

predominant (LP) cells. B Tissue section of the same lymph node, showing a single area with LP cells in association 

with small B cells at the margin of the section. 

I 

Fig. 15.16 Nodular lymphocyte predominant Hodgkin 

lymphoma. The PD1+ T cells form rosettes around lym¬ 

phocyte predominant (LP) cells. 

cells favour primary THRLBCL. Strongly 

stained LP cells in association with weak¬ 

ly stained B cells are best identified by 

OCT2 or PAX5 immunostaining. 

Postulated normal counterpart 
A germinal centre B cell at the centro- 

biastic stage of differentiation 

Genetic profile 
LP cells harbour clonally rearranged IG 

(IGHV) genes {2493,2947}. The clonal 

rearrangements are usually not detect- 

! able in whole-tissue DNA but only in the 

DNA of isolated single LP cells. The IGHV 

genes carry a high load of somatic muta¬ 

tions, and also show signs of ongoing mu¬ 

tations. The rearrangements are usually 

functional, and IG mRNA transcripts are 

detectable in the LP cells of most cases 

{2493}. EBV infection detected by EBV- 

encoded small RNA (EBER) may be found 

in the LP cells in 3-5% of cases in both 

children and adults {1736}. EBV positivity 

might be higher in Asia {653}. EBV may 

also be present in bystander lymphocytes 

{91). BCL6 rearrangements (involving IG 

genes, IKAROS family genes, ABR, and 

other partner genes) are present in about 

half of NLPHLs {174,3343,4341). Aber¬ 

rant somatic hypermutations were found 

in 80% of NLPHL cases, most frequently 

in PAX5, but also in PIM1, RHOH (also 

called TTF), and MYC {2359}. Mutations 

! of SGK1, DUSP2, and JUNB are also re¬ 

ported in about half of NLPHLs {1575). 

Relationship between NLPHL and 
THRLBCL 
LP cells by gene expression profiling 

are similar to the cells of THRLBCL and 

CHL {477}. They show partial loss of their 

B-cell phenotype, and deregulation of 

many apoptosis regulators and putative 

oncogenes. The only investigations that 

point to distinct pathogeneses of NLPHL 

and primary THRLBCL are two com¬ 

parative genomic hybridization studies 

in which more and different genomic ab¬ 

errations were identified in NLPHL than 

in THRLBCL {1246,1247}. Such different 

genetic patterns were not found in the 

gene expression profiling study of micro- 

dissected tumour cells of typical cases 

of NLPHL and THRLBCL {1570,1571). 

These studies revealed, in addition to 

a common expression of BCL6, CD75, 

EMA, J chain, and PU1, an identical ex¬ 

pression of BAG6 (also called BATS), 
HIGD1A, and UBD (also called FAT10) 
in the tumour cells of cases with a nodu¬ 

lar, a nodular and diffuse, and a diffuse 

growth in NLPHL and primary THRLBCL, 

suggesting the possibility that THRLBCL 

may represent a variant or extension of 

NLPHL. This speculation is supported 

by the observation that NLPHL can show 

a THRLBCL-like transformation, which 

is indistinguishable from primary THR¬ 

LBCL. it is likely that the distinction be¬ 

tween NLPHL and THRLBCL does not 

lie in different genomic alterations and 

the immunophenotype of the tumour 

cells, but rather in the different cellular 

composition of the microenvironment as 

described above. 

Genetic susceptibility 
An increased familial risk of NLPHL has 

been noted in some families {3466}. 

Pattern A 
"Classical" 

B-cell-rich nodular 

Pattern B 
Serpiginous/ 
Interconnected 

Pattern C 
Prominent eictra- 
Nodular L&H cells 

or DLBCL-llke) 

Pattern p 

T-cell-rich nodular 

Diffuse moth-eaten, 
B-cell-rIch 

Fig. 15.17 Immunoarchitectural patterns in nodular 

lymphocyte predominant Hodgkin lymphoma {1159}. 

In this schematic illustration, the X’s represent lym¬ 

phocyte predominant (LP) cells, the grey background 

a B-cell-rich background, and the white background 

a T-cell-rich background. Pattern A So-called clas¬ 

sic B-cell-rich nodular pattern. Pattern B Serpiginous 

nodular pattern. Pattern C Nodular pattern with many 

extranodular LP cells (formerly called L&H cells). Pat¬ 

tern D T-cell-rich nodular pattern. Pattern E Diffuse, 

T-cell-rich (TCRBCL-like) pattern. Pattern F (Diffuse), 

moth-eaten (B-cell-rich) pattern. 

DLBCL, diffuse large B-cell lymphoma; TCRBCL, 

T-cell/histiocyte-rich large B-cell lymphoma. 

From: Fan Z, Natkunam Y, Bair E, Tibshirani R, Warnke 

RA. Am J Surg Pathol (2003) (1159). 
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Fig. 15.18 Nodular lymphocyte predominant Hodgkin lymphoma. A Non-neoplastic bystander lymphoid blasts stain for CD30, whereas the neoplastic lymphocyte predominant 

(LP) cell (arrow), also called a popcorn cell, remains unlabelled. B Many non-neoplastic bystander T cells are labelled for CD57. These CD57+ cells may be involved in the rosette¬ 

like binding to the LP cells, which is particularly pronounced in the case illustrated here. 

However, the specific genetic factors 

have not been identified. NLPHL has also 

been identified in patients with Herman- 

sky-Pudlak syndrome type 2 (2391). 

The affected patients in that study ex¬ 

hibited NK-cell and T-cell defects. An 

increased risk is also seen in patients 

with autoimmune lymphoproliferative 

syndrome with mutations in FAS {3810}, 

which may also be linked to defective 

immune surveillance. 

Prognosis and predictive factors 
NLPHL in its nodular and its nodular 

and diffuse forms develops slowly, with 

fairly frequent relapses. It usually re¬ 

mains responsive to therapy and thus is 

rarely fatal. The prognosis of patients with 

stage I or II disease is very good, with a 

10-year overall survival rate >80% {980, 

2888}. It is not yet clear whether immedi¬ 

ate therapy is necessary to achieve this 

favourable prognosis; in some countries 

(e.g. France), stage I disease (especially 

in children) is not treated after the resec- 

Fig. 15.19 Nodular lymphocyte predominant Hodgkin lymphoma. A Immunostaining for the transcription factor 

OCT2, which is involved in the regulation of immunoglobulin expression, produces strong nuclear staining of the 

lymphocyte predominant (LP) cells (also called popcorn cells), and weaker labelling of the bystander B cells; thus, 

OCT2 often highlights the presence and the nuclear atypia of LP cells. B Higher magnification. 

A FFS (years) HD-specific B SV (years) HD-specific 

Fig. 15.20 Hodgkin lymphoma (HD)-specific survivals associated with the nodular lymphocyte predominant (LP), 

nodular sclerosis (NS), and mixed cellularity (MC) subtypes of classic Hodgkin lymphoma. A Failure-free survival 

(FFS). B Overall survival (SV). German Hodgkin Study Group (GHSG) 

tion of the affected lymph node {3125}. 

Histopathological variants characterized 

by LP ceils outside B-cell nodules, B-cell I 
depletion of the microenvironment, or j 
THRLBCL-like transformation (patterns j 
C, D, E and F as described by Fan et al., 

Figure 15.17) are associated more often 

with advanced disease and a higher 

relapse rate compared with that of typi¬ 

cal NLPHL {1572}. Therefore, it is use¬ 

ful to note these variant features in the i 

diagnostic report. Clinically recognized ! 

advanced stages have an unfavourable 

prognosis {980}. Progression to diffuse 

large B-cell lymphoma has been re¬ 

ported in approximately 3-5% of cases | 

{723,1538,2660}. The neoplastic cells in 

such cases may resemble LP cells or I 

may have centroblastic or immunoblastic t 

features. However, they keep their typi- ^ 

cal immunophenotype (strong coexpres- | 

Sion of CD20, OCT2, and CD75). In some 

cases, diffuse large B-ceil lymphoma ;j 

was found to precede NLPHL {1159}. .[ 

The large B-cell lymphomas associated | 

with NLPHL, if localized, generally have a 

good prognosis {1538}. A clonal relation¬ 

ship between NLPHL and the associated 

diffuse large B-cell lymphoma has been 

demonstrated {1452,1575,4310}. Bone 

marrow involvement is rare in NLPHL 

and raises the possibility of THRLBCL, or 

THRLBCL-like transformation, in particu¬ 

lar if the characteristic microenvironment 

is absent. Cases of NLPHL with bone 

marrow involvement are clinically aggres¬ 

sive {2003}. Advanced-stage NLPHL { 

responds poorly to the chemotherapy ! 

regimens traditionally used for CHL, but i 

responds better to the CHOP chemother- ^ 

apy regimen plus rituximab (R-CHOP), or ! 

regimens used for aggressive B-cell lym¬ 
phomas {4387}. 
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Classic Hodgkin lymphoma 

Introduction 

Jaffe E.S, 

Stein H. 

Swerdlow S.H. 

Classic Hodgkin lymphoma (CHL) is a 

monoclonal lymphoid neoplasm derived 

from B cells, composed of mononuclear 

Hodgkin cells and multinucleated Reed- 

Sternberg cells in a background contain¬ 

ing a variable mixture of non-neoplastic 

reactive immune cells, including small 

lymphocytes, eosinophils, neutrophils, 

histiocytes, and plasma cells. On the 

basis of the characteristics of the reac¬ 

tive infiltrate and to a certain extent the 

morphology of the Hodgkln/Reed-Stern- 

berg (HRS) cells, four histological sub- 

types have been distinguished: nodular 

sclerosis CHL, lymphocyte-rich CHL, 

mixed cellularity CHL, and lymphocyte- 

depleted CHL. The HRS cells in all forms 

of CHL share similar immunopheno- 

typlc features, with reduced expression 

of most B-cell antigens (CD20, CD79a, 

PAX5) and positive staining for CD30 

and CD15 in most cases. The associa¬ 

tion with EBV varies across subtypes, 

being most commonly positive (i.e. in as 

many as 75% of cases) in mixed cellular¬ 

ity CHL and lymphocyte-depleted CHL. 

The four subtypes of CHL also differ in 

their epidemiological features, clinical 

presentation, and prevalence of systemic 

symptoms, as discussed in the following 

text. These observations suggest poten¬ 

tial differences in underlying biology and 

pathogenesis. It is customary to subclas¬ 

sify CHL as one of the four subtypes, but 

with limited biopsy material, precise sub¬ 

classification is not always feasible, and 

the diagnosis of CHL, NOS, Is sometimes 

made. It remains important to distinguish 

these cases from nodular lymphocyte 

predominant Hodgkin lymphoma. 

ICD-0 code 
Classic Hodgkin lymphoma 9650/3 

Nodular sclerosis classic 
Hodgkin lymphoma 

Stein H. GuenovaM. 

Pileri S.A. Gascoyne R.D. 

MacLennan K.A. Jaffe E.S. 

Poppema S. 

Definition 
Nodular sclerosis classic Hodgkin lym¬ 

phoma (NSCHL) is a subtype of classic 

Hodgkin lymphoma (CHL) characterized 

by collagen bands that surround at least 

one nodule, and by HRS cells with lacu¬ 

nar-type morphology. 

ICD-0 code 9663/3 

Synonyms 
Hodgkin disease, nodular sclerosis, 

NOS; Hodgkin lymphoma, nodular scle¬ 

rosis, grade 1 (9665/3); Hodgkin lympho¬ 

ma, nodular sclerosis, grade 2 (9667/3); 

Hodgkin lymphoma, nodular sclerosis, 

cellular phase (9664/3) 

Epidemiology 
NSCHL accounts for approximately 70% 

of all CHLs in Europe and the USA. How¬ 

ever, the rate varies greatly among other 

geographical regions; NSCHL is more 

common in resource-rich than in re- 

source-poor areas, and the risk is highest 

among those with high socioeconomic 

status (762). The incidence of NSCHL is 

similar in males and females, and peaks 

among individuals aged 15-34 years 

{184,2759}. 

Localization 
Mediastinal Involvement occurs In 80% 

of cases, bulky disease in 54%, splenic 

and/or lung involvement in 8-10%, bone 

involvement in 5%, bone marrow involve¬ 

ment in 3%, and liver involvement in 2% 

{782,3654}. 

Clinical features 
Most patients present with Ann Arbor 

stage II disease. B symptoms are en¬ 

countered in approximately 40% of cas¬ 

es {3654} and are more frequent with 

advanced-stage disease. 

Macroscopy 
The cut surface of lymph nodes typically 

shows a nodular configuration, with cel¬ 

lular nodules surrounded by dense fibro¬ 

sis. With higher-grade lesions (grade 2), 

central areas of necrosis may be evident. 

Hollowing therapy, a persistent mass le¬ 

sion may be present, with diffuse fibrotic 

replacement and no viable involvement 

by Hodgkin lymphoma. Such lesions 

may persist radiologically, but should be 

negative by PET, confirming the absence 

of active disease. 

Fig. 15.21 Nodular sclerosis classic Hodgkin lymphoma. A CT shows a large anterior mediastinal mass. B Chest 

X-ray of the same patient shows a mediastinal mass exceeding one third of the chest diameter. 
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Fig. 15.22 Nodular sclerosis classic Hodgkin lymphoma. 

In this excised mediastinal mass, cellular nodules with 

a more yellowish-tan appearance are surrounded by 

dense fibrosis, which is white in colour. 

Microscopy 
The lymph nodes have a nodular growth 

pattern, with nodules surrounded by col¬ 

lagen bands (nodular sclerosis). The 

broad fibroblast-poor collagen bands 

surround at least one nodule. This fibros¬ 

ing process is usually associated with a 

thickened lymph node capsule. The lym¬ 

phoma contains a highly variable number 

of HRS cells, small lymphocytes, and oth¬ 

er non-neoplastic inflammatory cells. The 

HRS cells tend to have more-segmented 

nuclei with smaller lobes, less prominent 

nucleoli, and a larger amount of cyto¬ 

plasm than do HRS cells in other types of 

CHL. In formalin-fixed tissues, the cyto¬ 

plasm of the HRS cells frequently shows 

retraction of the cytoplasmic membrane, 

so that the cells seem to be sitting in la¬ 

cunae. These cells have therefore been 

designated lacunar cells. Lacunar cells 

may form cellular aggregates, which may 

be associated with necrosis and a his¬ 

tiocytic reaction, resembling necrotizing 

granulomas. When aggregates are very 

prominent, the term ‘syncytial variant' has 

been used. Eosinophils, histiocytes, and 

(to a lesser extent) neutrophils are often 

numerous {3178}. Grading according to 

the proportion of HRS cells or the char¬ 

acteristics of the background infiltrate 

(e.g. the number of eosinophils) may pre¬ 

dict prognosis in some settings, but is not 

Fig. 15.23 Nodular sclerosis classic Hodgkin lymphoma 

(NSCHL). This lymph node was obtained following suc¬ 

cessful treatment for NSCHL. The lymph node shadow 

persisted on X-ray. Histological examination showed 

nodules composed of dense collagen, without evidence 

of Hodgkin/Reed-Sternberg cells. The internodular re¬ 

gions contained a scant inflammatory infiltrate of lympho¬ 

cytes and plasma cells in an oedematous background, 

necessary for routine clinical purposes 

{1630,2430,4141,4210}; it may serve a re¬ 

search purpose in protocol studies. 

Fig. 15.24 Thymic cyst arising with thymic involvement 

by Hodgkin lymphoma. Cystic degeneration of the 

thymus gland is common with involvement by nodular 

sclerosis classic Hodgkin lymphoma. 

Fig. 15.25 Nodular sclerosis classic Hodgkin 

lymphoma, grade 2. Capsularfibrosis is present. Central 

areas of necrosis are noted in the nodular infiltrate. 

Fig.15.26 Nodular sclerosis classic Hodgkin 

lymphoma, grade 2. Lacunar Hodgkin/Reed-Sternberg 

cells palisade around central necrotic area containing 

numerous neutrophils. 

Fig. 15.27 Nodular sclerosis classic Hodgkin lymphoma 

with aberrant CD3. The neoplastic cells are positive for 

CD3. Expression of PAX5 (not shown) and negative 

studies for TR gene rearrangement helped to confirm 

the diagnosis. 

Fig. 15.28 Nodularsclerosis classic Hodgkin lymphoma. 

This case had aberrant expression of CD2, a finding 

usually seen in grade 2 disease. In this case, the CD2 

antigen appears to be partially expressed on the outer 

surface of the cell membrane, suggestive of adsorption. 
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Fig. 15.29 Nodular sclerosis classic Hodgkin 

lymphoma. Lacunar cells show artificial retraction of the 

cytoplasm upon fixation. The nucleoli are often smaller 

than those seen in classic Reed-Sternberg cells. 
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Immunophenotype 
The malignant cells exhibit a CHL phe¬ 

notype; however, association with EBV 

as demonstrated by EBV-encoded small 

RNA (EBER) or the EBV-encoded LMP1 

is less frequent (10-25%) than in mixed 

cellularity CHL {1612,1614,4285,4289), 

CD30 is expressed in nearly all cases, but 

CD15 may be negative in 15-25% of cas¬ 

es, PAX5 is weakly positive in nearly all 

cases, CD20 may be variably expressed, 

but is usually weak and only on a subset 

of the neoplastic cells, CD79a is positive 

in approximately 10% of cases {4086}, 

Approximately 5% of NSCHLs aber¬ 

rantly express T-cell antigens {4083}, 

most commonly cases of high histologi¬ 

cal grade (grade 2), The T-cell antigens 

most often expressed are CD4 and CD2, 

and less commonly CD3; positive cases 

are associated with shorter overall and 

event-free survival compared with CHL 

negative for T-cell antigens {4176}, A pit- 

fall in such cases is misdiagnosis as ALK- 

negative anaplastic large cell lymphoma. 

Nearly all cases (>90%) with aberrant 

T-ceil antigen expression are positive 

for PAX5, consistent with a diagnosis of 

CHL, Gene rearrangement studies help 

to confirm the diagnosis, being negative 

for clonal rearrangement of TR genes 

and often positive for clonal rearrange¬ 

ments of IG, The basis for the aberrant 

T-cell antigen expression is unknown. In 

some cases, the aberrant T-cell antigen 

appears to be adsorbed to the surface of 

the neoplastic cells, but in other cases it 

appears to be a product of cell synthesis, 

and staining may also be observed in the 

Golgi region. 

Grading 
A grading system for NSCHL was pro¬ 

posed by the British National Lymphoma 

Investigation (BNLI), Two histologioal 

grades were proposed, which in some se¬ 

ries show correlation with clinical features 

{2429,4313}, According to these criteria, 

nodular sclerosis is classified as grade 2 

if >25% of the nodules show pleomor¬ 

phic or reticular lymphocyte depletion; 

if >80% of the nodules show features of 

the fibrohistiocytic variant; or if >25% of 

the nodules show numerous bizarre, an¬ 

aplastic-appearing Hodgkin cells without 

lymphocyte depletion. When these crite¬ 

ria are applied, approximately 15-25% 

of cases are classified as grade 2, In 

some older series, higher-grade cases of 

nodular sclerosis were referred to as the 

Fig. 15.30 Nodular sclerosis classic Hodgkin lymphoma. A Fibrous collagen bands divide the lymph node into 
nodules. B Several lacunar cells (arrows) are present. 

Fig.15.31 Nodular sclerosis classic Hodgkin 

lymphoma, fibrohistiocytic variant. A paucicellular 

nodule contains abundant histiocytes and fibroblasts. 

Hodgkin cells are difficult to identify on H&E staining. 

The nodule is surrounded by a dense fibrous band. 
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Fig. 15.32 Nodular sclerosis classic Hodgkin 

lymphoma, fibrohistiocytic variant. PAX5 is weakly 

positive in neoplastic cells. Some tumour cells are 

spindle-shaped, making them difficult to distinguish 

from histiocytes and fibroblasts. 

lymphocyte-depleted subtype of nodular 

sclerosis {965}. Grading is not mandatory 

for clinical purposes, but has been inves¬ 

tigated as a prognostic feature in some 

clinical trials. However, the importance of 

grading is declining due to advances in 

therapy, which obscure the differences 

seen in less-effectively treated patients 

{2539,4141}. 

The fibrohistiocytic variant of NSCHL 

may mimic a reactive process or a mes¬ 

enchymal neoplasm. Fibroblasts and his¬ 

tiocytes are abundant, and the HRS cells 

may be difficult to identify without immu- 

nohistochemical staining. In such cases, 

PAX5 and CD30 are valuable, because 

CD20 is typically negative. 

In the syncytial variant of nodular scle¬ 

rosis, the lacunar cells form cohesive 

nests in the centres of the nodules. Ne¬ 

crosis may or may not be present, but if 

prominent should prompt consideration 

for grade 2 disease. The syncytial variant 

may prompt consideration for anaplastio 

large cell lymphoma or even a non-lym- 

phoid neoplasm {588}. Positivity for PAX5 

is helpful in ruling out anaplastic large cell 

lymphoma. However, some cases of CHL 

may have a cytotoxic phenotype {163}. 

Prognosis and predictive factors 
Overall, the prognosis of NSCHL is better 

than that of other types of CHL {70}. Mas¬ 

sive mediastinal disease is an adverse 

prognostic factor {3745}. In the modern 

era, grading of NSCHL is less significant 

as an independent risk factor than in the 

past {4141}. However, grade may be more 

relevant in patients with advanced-stage 

disease, whereas it has little impact in 

patients with localized disease. 
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Lymphocyte-rich classic 
Hodgkin lymphoma 

Anagnostopoulos I, 

Piris M.A. 

Isaacson P.G. 

Jaffa E.S. 

Stein H. 

Definition 
Lymphocyte-rich classic Hodgkin lym¬ 

phoma (LRCHL) is a subtype of classic 

Hodgkin lymphoma (CHL) characterized 

by scattered Hodgkin/Reed-Sternberg 

(HRS) cells and a nodular or (less often) 

diffuse cellular background consisting of 

small lymphocytes, with an absence of 

neutrophils and eosinophils, 

ICD-0 code 9651/3 

Synonyms 
Hodgkin disease, lymphocytic-histio¬ 

cytic predominance (obsolete); Hodgkin 

disease, lymphocyte predominance, dif¬ 

fuse (obsolete); Hodgkin disease, lym¬ 

phocyte predominance, NOS (obsolete) 

Epidemiology 
LRCHL accounts for approximately 5% of 

all CHLs, occurring at a frequency slightly 

less than that of nodular lymphocyte pre¬ 

dominant Hodgkin lymphoma (NLPHL). 

The median patient age is similar to that 

of NLPHL and significantly older than 

seen in other subtypes of CHL {980). The 

male-to-female ratio is 2:1 (3654). 

Localization 
Peripheral lymph nodes are typically 

involved. Mediastinal involvement and 
bulky disease are uncommon (980,3654). 

Clinical features 
Most patients present with stage I or II 

disease. B symptoms are rare. The clini¬ 

cal features are similar to those of NLPHL, 

with the exception that multiple relapses 

seem to occur less frequently (980). 

Patients are also older than those with 

NLPHL or the nodular sclerosis subtype. 

Microscopy 
There are two growth patterns: the com¬ 

mon nodular pattern (91) and the rare 

diffuse pattern {91). The nodules of the 

nodular variant encompass most of the in¬ 

volved tissue, so that the T-zone is attenu¬ 

ated. The nodules are composed of small 

Fig. 15.33 Lymphocyte-rich classic Hodgkin lymphoma, nodular variant, CD30 staining highlights the presence of 

Hodgkin/Reed-Sternberg cells. They are located within or at the peripheral margin of the follicular mantles, but not 

within the germinal centres. 

Fig. 15.34 Lymphocyte-rich classic Hodgkin lymphoma, 

nodular variant. Cellular nodules are composed of small 

lymphocytes surrounding regressed germinal centres. 

Fig. 15.35 Lymphocyte-rich classic Hodgkin 

lymphoma, nodular variant. Classic Reed-Sternberg 
cells are surrounded by small lymphocytes. 

Fig. 15.36 Lymphocyte-rich classic Hodgkin lymphoma. 

CD20 immunostain identifies small lymphocytes and is 
negative in HRS cells. 

Fig. 15.37 Lymphocyte-rich classic Hodgkin lymphoma. 

HRS cells in perifollicular region are highlighted by 
CD30 immunostain. 

Fig. 15.38 Lymphocyte-rich classic Hodgkin lymphoma. 

CD3-positive T cells form a rosette around an HRS cell. 
Fig. 15.39 Lymphocyte-rich classic Hodgkin lymphoma, 

CD15 immunostain of HRS cells. 
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Fig. 15.40 Lymphocyte-rich classic Hodgkin lymphoma. 

Immunostaining for PD1 shows PD1+ T cells forming 

rosettes around HRS cells 

B 
Fig. 15.41 Hodgkin lymphoma (HL). Overall survival (A) and overall event-free survival (B) by histological subtype 

{3654}. LD, lymphocyte-depleted classic HL; LPHL, lymphocyte predominant HL; LRCHL, lymphocyte-rich classic HL; 

MC, mixed cellularity classic HL; NS, nodular sclerosis classic HL. From: Shimabukuro-Vornhagen A, Haverkamp H, 

Engert A, et al. (3654). Reprinted with permission. ©2005 American Society of Clinical Oncology. All rights reserved. 

lymphocytes and may harbour germinal 

: centres, which are usually eccentrically 

located and relatively small or regressed. 

The HRS cells are predominantly found 

within the nodules, but consistently out¬ 

side of the germinal centres. A proportion 

of the HRS cells may resemble lympho¬ 

cyte predominant (LP) cells or mono¬ 

nuclear lacunar cells. This subtype can 

easily be confused with NLPHL. In the 

past, approximately 30% of cases initially 

■ diagnosed as NLPHL were later found to 

be LRCHL {91}. The demonstration of an 

immunophenotype typical of classic HRS 

cells is essential in making this distinc- 

; tion. Eosinophils and/or neutrophils are 

; absent from the nodules, or if present, 

are located in the interfollicular zones and 

' are few in number. In rare instances, the 

; LRCHL-typical nodules may be surround- 

; ed by fibrous bands associated with ran- 

■ domly distributed HRS cells in T-cell-rich 

zones. Typing of these cases as nodular 

sclerosis CHL might be more appropri¬ 

ate. In some cases, sequential biopsies 

have shown nodular sclerosis CHL, im¬ 

plying a possible relationship between 

the two subtypes of CHL; this is further 

inferred by the finding of HRS cells within 

expanded follicular mantle zones in some 

cases of nodular sclerosis CHL {1780}. 

Coexistence of LRCHL and mixed cellu¬ 

larity CHL occurs but is rare. 

In diffuse LRCHL cases, the small lym¬ 

phocytes of the cellular background may 

be admixed with histiocytes with or with¬ 

out epithelioid features. 

Immunophenotype 
The immunophenotype of the neoplastic 

cells and their microenvironment display a 

mixture of features of NLPHL and CHL. The 

atypical cells in LRCHL show the same im¬ 

munophenotype (CD30-I-, CD15-I-/-, IRF4/ 

MUM1+, PAX5+/-, CD20-/+, J chain-, 

CD75-, PU1-, EBV/LMP1+ for EBV-har- 

bouring cases) as the HRS cells in the oth¬ 

er subtypes of CHL. Thus, the distinction of 

LRCHL from NLPHL is possible by immu- 

nophenotyping in nearly all instances {91}. 

The expression of B-cell transcription fac¬ 

tors such as OCT2, BOB1, and BCL6 has 

been found to be more frequent in LRCHL 

than in the other CHL subtypes {2821}. 

Rosettes with a T follicular helper (TFH) 

cell immunophenotype (PD1/CD279-t-, 

CD57-/-r) surrounding the neoplastic cells 

are present in as many as 50% of cases 

{2821}. The small lymphocytes in the nod¬ 

ules have the features of mantle cells (i.e. 

positivity for IgM and IgD). Thus, the nod¬ 

ules predominantly constitute expanded 

mantle zones. At least some of them con¬ 

tain eccentrically located, usually small, 

germinal centres, which are highlighted 

by a dense meshwork of CD21-r- follicu¬ 

lar dendritic cells. Because intact germi¬ 

nal centres are infrequent in NLPHL, this 

feature is helpful in differential diagnosis. 

Fig. 15.42 Lymphocyte-rich classic Hodgkin lymphoma, nodular variant. A Immunostaining for CD20 shows that the nodules predominantly consist of small B cells. 

HRS cells, evident as holes in the B-cell rich background are negative. B Immunostaining for CD21 reveals that the nodules contain a meshwork of follicular dendritic cells, and 

demonstrates that they predominantly constitute follicular mantles, with occasional (usually regressed) germinal centres. The follicular dendritic cell meshwork is denser and more 

sharply defined in the germinal centres. 
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Fig. 15.44 Mixed cellularity classic Hodgkin lymphoma. CD30-negative histiocytes, with a pronounced epithelioid 

differentiation, forming clusters, predominate. CD30 immunostaining highlights the presence of a large Reed-Stern- 

berg cell and a small mononuclear variant. 

CD15+ granulocytes are absent from the 

expanded mantle zones but may be pres¬ 

ent in low numbers within the interfollicu- 

lar zones. In the rare diffuse subtype, the 

lymphocytes are nearly all of T-cell type, 

with CD15+ granulocytes and eosinophils 

being absent. These features facilitate the 

differentiation of LRCHL from mixed cellu¬ 

larity CHL. EBV LMP1 expression is seen 

more frequently than in nodular sclerosis 

CHL but less frequently than in mixed cel¬ 

lularity CHL (91). 

Prognosis and predictive factors 
With modern risk-adjusted treatment, 

overall and progression-free survival 

rates are slightly better than those of the 

other subtypes of CHL and similar to 

those of NLPHL, except that relapses are 

more common in NLPHL than in LRCHL 

(91,980,3654). 

Mixed cellularity classic 
Hodgkin lymphoma 

Weiss L.M. 

Poppema S. 

Jaffe E.S. 

Stein H. 

Definition 
Mixed cellularity Hodgkin lymphoma 

(MCCHL) is a subtype of classic Hodg¬ 

kin lymphoma (CHL) characterized by 

classic Hodgkin/Reed-Sternberg (HRS) 

cells in a diffuse mixed inflammatory 

background. Eine interstitial fibrosis may 

be present, but fibrous bands are absent 

and capsular fibrosis is usually absent. 

This subtype of CHL is frequently (i.e. in 

-75% of cases) associated with EBV. 

ICD-0 code 9652/3 

Synonynn 
Classic Hodgkin disease, mixed 

cellularity, NOS 

Epidemiology 
The mixed cellularity subtype accounts 

for approximately 20-25% of CHLs. 

MCCHL is more frequent in patients with 

HIV infection and in developing coun¬ 

tries (374). In the developing world, this 

form of CHL may be seen in the paedi¬ 

atric age group, and is frequently EBV- 

positive (3671,4489). There is a second 

peak among elderly individuals, without 

special geographical distribution (1109). 

The median patient age is 38 years, and 

approximately 70% of patients are male. 

Localization 
Peripheral lymph nodes are frequently 

involved, and mediastinal involvement 

is uncommon. The spleen is involved in 

30% of cases, bone marrow in 10%, liver 

in 3%, and other organs in 1-3% (782). 

Clinical features 
B symptoms are frequent. 

Microscopy 
The lymph node architecture is usually 

obliterated, although an interfollicular 

growth pattern may be seen. Interstitial 

fibrosis may be present, but the lymph 

node capsule is usually not thickened, 

and there are no broad bands of fibro¬ 

sis as seen in nodular sclerosis CHL, The 

HRS cells are typical in appearance. The 

background cells consist of a mixture 

of cell types, the composition of which 

varies greatly. Eosinophils, neutrophils, 

histiocytes, and plasma cells are usu¬ 

ally present. One of these cell types may 

predominate. The histiocytes may show 

pronounced epithelioid features, par¬ 

ticularly in EBV-associated cases (950), 

and may form granuloma-like clusters or 

granulomas. 

Immunophenotype 
The malignant cells exhibit the CHL im¬ 

munophenotype; however, EBV-encod- 

ed LMP1 and EBV-encoded small RNA 

(EBER) are expressed much more fre¬ 

quently (i.e. in -75% of cases) than in 

nodular sclerosis CHL or lymphocyte- 

rich CHL (91). 

Prognosis and predictive factors 
Before the introduction of modern thera¬ 

py, the prognosis of MCCHL was worse 

than that of NSCHL and better than that of 

lymphocyte-depleted CHL. With current 

regimens, these differences have largely 

vanished, although not entirely (70), 

•a 4.-_ G 
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Fig. 15.43 Mixed cellularity classic Hodgkin lymphoma. A The mixed cellular infiltrate does not contain fibrotic 

bands. B A typical binucleated Reed-Sternberg cell in a mixed cellular infiltrate with lymphocytes, macrophages, 

and eosinophils is visible. 
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Fig. 15.45 Lymphocyte-depleted classic Hodgkin lymphoma. A Many Hodgkin cells with relatively few admixed lymphocytes are visible. B Many bizarre large and small Hodgkin/ 

Reed-Sternberg cells are present in a cellular background rich in fibrillary matrix. C Scattered Hodgkin/Reed-Sternberg cells in a predominant fibrillary matrix with fibroblastic 

proliferation. 

j Lymphocyte-depleted classic 
I Hodgkin lymphoma 

j Benharroch D. 

Jaffa E.S. 

i Stein H. 

j Definition 
i Lymphocyte-depleted classic Hodgkin 

I lymphoma (LDCHL) is a diffuse form of 

li classic Hodgkin lymphoma (CHL) rich 

i in Hodgkin/Reed-Sternberg (HRS) cells 

* and/or depleted of non-neoplastic lym- 

I phocytes. Histiocytes are usually abun- 

! dant. Prior to the introduction of modern 

I immunohistochemical studies, LDCHL 

j was often mistaken for other entities, 

I mainly for aggressive forms of other B- 

I cell or T-cell lymphomas (1930). When 

stringent diagnostic criteria are applied, 

I LDCHL accounts for <2% of all Hodgkin 

I lymphomas. It is more common in devel- 

I oping countries and is also seen with HIV 

i infection. Like mixed cellularity CHL, it is 

frequently positive for EBV (i.e. in -75% 

of cases). Most patients present with ad¬ 

vanced-stage disease and B symptoms 

(2042). 

i ICD-Ocode 9653/3 

Synonyms 
Hodgkin lymphoma disease, lympho¬ 

cyte depletion, NOS; classic Hodgkin 

lymphoma, lymphocyte depletion, NOS; 

Hodgkin lymphoma, lymphocyte deple¬ 

tion, diffuse fibrosis (9654/3); Hodgkin 

lymphoma, lymphocyte depletion, reticu¬ 

lar (9655/3) 

Epidemiology 
This is the rarest CHL subtype; it ac¬ 

counts for <1% of cases in western 

countries {2042}, but may be more com¬ 

mon in the developing world {334). About 

60-75% of patients are male and the 

age ranges from 30 to 71 years. Oth¬ 

ers have described LDCHL to an equal 

extent in women {3695}. This subtype is 

often associated with HIV infection. HIV 

prevalence was found in 3.8% of Hodg¬ 

kin lymphoma patients, including 15.1% 

of LDCHL patients {3649}. 

Localization 
LDCHL has a predilection for the retro¬ 

peritoneal lymph nodes, abdominal or¬ 

gans, and bone marrow. Peripheral lym- 

phadenopathy may also be seen {2042}, 

Fig. 15.46 Lymphocyte-depleted classic Hodgkin 

lymphoma. Hodgkin/Reed-Sternberg cells are readily 

seen in a background rich in histiocytes and some small 

lymphocytes. 

Clinical features 
Widespread involvement (including of the 

subdiaphragmatic region and bone mar¬ 

row at diagnosis), with B symptoms, sup¬ 

ports an aggressive behaviour. However, 

peripheral lymph nodes are also affected 

{334,3695}. 

Microscopy 
Although the appearance of LDCHL is 

highly variable, a unifying feature is the 

relative predominance of HRS cells and 

the scarcity of background lymphocytes 

in relation to the neoplastic cells {2484}. 

Two patterns are seen. In one, there is 

diffuse fibrosis, in whioh prominent fi¬ 

broblastic proliferation is seen. However, 

well-formed fibrous bands are absent. 

In this variant, the tumour microenviron¬ 

ment oontains numerous histiocytes and 

some small lymphoeytes, but usually 

Fig. 15.47 Lymphocyte-depleted classic Hodgkin 

lymphoma. CD30 immunostaining. 
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lacks significant numbers of plasma cells 

or eosinophils. The second pattern Is rich 

in neoplastic cells, often with anaplastic 

and pleomorphic features {3695). These 

two variants correspond to the two sub- 

types initially described in the Lukes- 

Butler classification, diffuse fibrosis and 

reticular (2412). 

Immunophenotype 
The immunophenotype is similar to that 

of other forms of CHL. EBV/LMP1 is fre¬ 

quently positive. Coexpression of CD30 

and PAX5 helps to differentiate LDCHL 

from ALK-negative anaplastic large cell 

lymphoma. Either OCT2 or BOB1 may be 

expressed in HRS cells, but usually not 

both. CD79a is typically negative (3695). 

Strong expression of B-cell markers such 

as CD20 and CD79a should prompt con¬ 

sideration for a diagnosis of EBV-positive 

diffuse large B-cell lymphoma, in which 

HRS-like cells may be seen. 

Genetic profile 
IGH gene rearrangement shows B-cell 

clonality, which can be more readily 

detected due to the paucity of normal 

B cells and relative abundance of tumour 

cells {3695}. 

Prognosis and predictive factors 
Patients with LDCHL have more ad¬ 

verse risk factors than do patients with 

other forms of CHL (1947,2042). SEER 

data indicate a 5-year survival rate of 

48.8% (65). However, outcome has 

been less adverse in prospective clini¬ 

cal trials. Patients with LDCHL are more 

likely to have advanced-stage disease 

and B symptoms. However, with effec¬ 

tive therapy, complete remission was 

achieved in 82% of patients with LD¬ 

CHL, versus in 93% of patients with other 

Hodgkin subtypes (2042). At 5 years, 

survival was significantly worse, with 

progression-free survival rates of 71% 

versus 85% (P <0.001) and overall sur¬ 

vival rates of 83% versus 92% respec¬ 

tively (P = 0.0018). Patients who under¬ 

went more-intensive therapy regimens 

appeared to fare better (2042), suggest¬ 

ing that patients with LDCHL benefit from 

treatment with dose-intensive treatment 

strategies. 
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Lymphoproliferative diseases 
associated with primary immune 
disorders 

van Krieken J.H, 

Onciu M. 

Elenitoba-Johnson K.S.J. 

Jaffa E.S, 

Fig. 16.01 Lymphoproliferative disease occurring in X-linked lymphoproliferative disease with features of fatal 

infectious mononucleosis. There is a proliferation of B cells with plasmacytoid and immunoblastic features. Note the 

prominent apoptosis. 

Definition 
Lymphoproliferative diseases associated 

with primary immune disorders (PIDs) are 

lymphoid proliferations that arise in the 

setting of immune deficiency due to a pri¬ 

mary immunodeficiency or immunoregu- 

latory disorder. Because the pathol¬ 

ogy and pathogenesis of the >60 PIDs 

are heterogeneous, the manifestations 

of these lymphoproliferative diseases 

are highly variable. The PIDs most fre¬ 

quently associated with lymphoprolif¬ 

erative disorder are ataxia-telangiectasia 

(AT), Wiskott-Aldrich syndrome (WAS), 

common variable immunodeficiency 

(CVID), severe combined immunodefi¬ 

ciency (SCID), X-linked lymphoprolifera¬ 

tive disease (XLP), Nijmegen breakage 

syndrome (NBS), hyper-IgM syndrome 

(HIgM), and autoimmune lymphoprolif¬ 

erative syndrome (ALPS). 

Epidemiology 
Patients with PIDs have an increased in¬ 

cidence of lymphomas {1878,3635}. Age- 

specific mortality rates for all neoplasms 

in patients with PIDs are 10-200 times 

the expected rates for the general popu¬ 

lation. However, given that PIDs are rare, 

the overall occurrence of PID-associated 

lymphoproliferative disorder is low, ac¬ 

counting for 2.4% of all paediatric lym¬ 

phoma cases {144}. With the exception 

of CVID, these diseases present primar¬ 

ily in the paediatric age group. They are 

more common in males than in females, 

primarily because several of the primary 

genetic abnormalities are X-linked, for 

example, XLP, SCID, and HIgM {1871}. It 

should be kept in mind that children can 

present with a lymphoproliferation with¬ 

out the underlying immunodeficiency be¬ 

ing known. Especially in polymorphous 

lesions, detection of EBV may indicate an 

underlying immune deficiency. 

Etiology 
The cause of the lymphoproliferative dis¬ 

order is related to the underlying primary 

immune defect {2897}. EBV is involved 

in most PID-associated lymphoid prolif¬ 

erations {4136}. In these cases, defective 

T-cell immune surveillance to EBV is 

believed to be the primary mechanism 

{1628,3073,3251}. The absence of T-cell 

control may be complete (resulting in fa¬ 

tal infectious mononucleosis) or partial 

(resulting in other lymphoproliferative dis¬ 

orders) {1823). 

WAS is a complex immune disorder, with 

defects in function of T cells, B cells, 

neutrophils, and macrophages. T-cell 

dysfunction is significant, and tends to 

increase in severity during the course of 

the disease, 

HIgM results from mutations in the gene 

for CD40 or CD40 ligand, which affect 

interactions between T cells and B cells 

and impair effective differentiation of 

B cells Into class-switched plasma cells 

{1767}. 

In ALPS, mutations in FAS or FASLG (and 

rarely other abnormalities) may contrib¬ 

ute directly to lymphoid proliferations, 

through the accumulation of lymphoid 

cells that fail to undergo apoptosis, re¬ 

sulting in the accumulation of CD4- and 

CDS- cells in the peripheral blood and 

lymphoid tissues {2331,3711}. In ALPS, 

the severity of the apoptotic defect cor¬ 

relates directly with the risk of develop¬ 

ment of lymphoproliferative disorder 

{1822}, The importance of FAS mutations 

in causing lymphoproliferative disorder is 

supported by the fact that sporadic FAS 

mutations are associated with lympho¬ 

mas in the absence of immune abnor¬ 

malities {1483}. 

In AT, an abnormal DNA repair mecha¬ 

nism due to mutations of ATMcan contrib¬ 

ute to the development of lymphoma, leu¬ 

kaemia, and other neoplasms {1090}. In 

these cases, non-leukaemic T-ceil clones 

that have translocations involving the TR 

genes similar to those seen in overt leu¬ 

kaemias can be detected in the peripher¬ 

al blood. B-cell non-Hodgkin lymphoma, 

Hodgkin lymphoma, and lymphoblastic 

leukaemia occur at a high rate and ear¬ 

lier age than do carcinomas in AT. T-cell 

prolymphocytic leukaemias are rarer than 

initially reported. Prognosis is poor, but 

patients may benefit from treatment, with 

an improved survival {3823}. 

NBS also results from defects in DNA re¬ 

pair due to mutations in the NBN gene 

(also called NBS1), resulting in many 

chromosomal breaks and translocations, 

including in antigen receptor genes. 

In patients with NBS, lymphoproliferative 

disorder is the most common neoplasm 

{565,2880,4158}. In patients with CVID, 

marked lymphoid hyperplasia may oc¬ 

cur in the lungs and gastrointestinal tract 

{3507}, a setting in which more aggres- 

sive-lymphoproliferative disorder or overt 

lymphoma may develop {959}. 
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Table 16.01 Clinical features of the primary immune disorders (PIDs) 

Type of PID Frequency 

(among all 

PIDs)" 

Genes or proteins 

implicated 

Most common abnormalities Most common associated 

lymphoproliferative disorders 

(percentage)'’ 

Combined T-cell and B-cell 

immunodeficiencies 

9-18% 

Severe combined 

immunodeficiency 

1-5% Gamma chain of IL2R, IL4R, IL7R, 

IL9R, 1L15R, IL21R;JAK3 kinase; 

IL7R,CD45, CD3-deltaorCD3- 

epsilon; RAG1/2, Artemis, ADA 

Recurrent severe bacterial, fungal, 

and viral infections, including 

opportunistic infections; skin rash 

EBV-associated lesions, fatal IM 

(nearly 100%) 

CD40 ligand and 

CD40 deficiencies 

(hyper-IgM syndrome) 

1-2% CD40 ligand (CD40L, CD154) 

orCD40 

Neutropenia, thrombocytopenia, 

haemolytic anaemia, biliary tract and 

liver disease, opportunistic infections 

EBV-associated lesions 

(DLBCL, Hodgkin lymphoma), 

large granular lymphocytic leukaemia 

Predominantly antibody PIDs 53-72% 

Common variable 

immunodeficiency 

21-31% Unknown Bacterial infections 

(lung, gastrointestinal tract), 

autoimmune cytopenias, 

granulomatous disease (lung, liver) 

EBV-associated lesions 

(DLBCL, Hodgkin lymphoma), 

extranodal marginal zone lymphoma, 

small lymphocytic lymphoma, 

lymphoplasmacytic lymphoma, 

PTCL (rare) 

(2-7%) 

Other well-defined 

immunodeficiency syndromes 

5-22% 

Wiskott-Aldrich syndrome 1-3% WAS (also called WASP) Thrombocytopenia, small platelets, 

eczema, autoimmune disease, 

bacterial infections 

EBV-associated lesions 

(DLBCL, Hodgkin lymphoma, 

lymphomatoid granulomatosis) 

(3-9%) 

Ataxia-telangiectasia 2-8% ATM Ataxia, telangiectasias, 

increased AFP, increased sensitivity 

to ionizing radiation 

Non-leukaemic clonal T-cell pro¬ 

liferations, DLBCL, BL, T-PLL, T-ALL, 

Hodgkin lymphoma (10-30%) 

Nijmegen breakage syndrome 1-2% NBN (nibrin, also called NBS1) Microcephaly, progressive mental 

retardation, sensitivity to ionizing 

radiation, predisposition to cancer 

DLBCL, PTCL, T-ALL/LBL, 

Hodgkin lymphoma 

(28-36%) 

Diseases of immune 

dysregulation 

1-3% 

X-linked 

lymphoproliferative disease 

<1% SH2D1A EBV-triggered abnormalities 

(fatal IM, hepatitis, aplastic anaemia), 

lymphoma 

EBV-associated lesions (BL, DLBCL) 

(nearly 100%) 

Autoimmune 

lymphoproliferative syndrome 

(Canale-Smith syndrome) 

<1% FAS (type la), 

FASLG (type 1b), 

CASP10 (caspase 10; type 2a), or 

CASP8 (caspase 8; type 2b) 

Defective lymphocyte apoptosis, 

splenomegaly, adenopathy, 

autoimmune cytopenias, 

recurrent infections 

NLPHL, CHL, DLBCL, BL, PTCL (rare) 

(CHL, DLBCL, and BL may be 

EBV+ or EBV-) 

(3-10%) 

I ADA, adenosine deaminase; AFP, alpha-fetoprotein; BL, Burkitt lymphoma; CHL, classic Hodgkin lymphoma; DLBCL, diffuse large B-cell lymphoma; 

; IM, infectious mononucleosis; NLPHL, nodular lymphocyte predominant Hodgkin lymphoma; PTCL, peripheral T-cell lymphoma; T-ALL, T-lymphoblastic leukaemia; 

' T-ALL/LBL, T-lymphoblastic leukaemia/lymphoma; T-PLL, T-cell prolymphocytic leukaemia. 

® Data compiled from reports of several national and international registries. 

Percentages, where provided, indicate the approximate proportion of patients in whom lymphoproliferative disorder develops. 

Localization 
The presentation depends on the under¬ 

lying disease. More often, lymphoprolif¬ 

erative disorders present in extranodal 

sites, most commonly the gastrointestinal 

tract, lungs, and CNS. 

Clinical features 
Patients often present with symptoms re¬ 

sembling those of infection or neoplasia 

(i.e. fever, fatigue, and infectious mono- 

nucleosis-like syndromes). In some dis¬ 

eases, such as ALPS and XLP, the lym¬ 

phoid proliferation is the first sign of the 

underlying immune defect, but in most 

patients, the diagnosis of PID has already 

been established because of other mani¬ 

festations (Table 16.01). 
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Fig. 16.02 Diffuse large B-cell lymphoma in a patient with longstanding common variable immunodeficiency 

syndrome. A Lymphoma cells are seen in ascites fluid and show marked pleomorphism. B Lymphoma cells are 

EBV-positive by in situ hybridization for EBV-encoded small RNA (EBER). 

Microscopy 
As in other immune deficiency states, 

lymphoid proliferations in patients with 

primary immunodeficiency include re¬ 

active hyperplasias, polymorphous lym¬ 

phoid infiltrates similar to those seen in 

the post-transplant setting, and frank 

lymphomas that do not differ from those 

in immunocompetent hosts. The type and 

frequency of each lesion differ among 

the PIDs |4099) (see Table 16.01, p,445). 

Non-neoplastic lesions 
Primary EBV infection in PID may result 

in fatal infectious mononucleosis, char¬ 

acterized by a highly polymorphous 

proliferation of lymphoid cells showing 

evidence of plasmacytoid and immuno- 

blastic differentiation. Reed-Sternberg- 

like cells may be seen. This condition is 

primarily seen in patients with XLP (Dun¬ 

can disease) (1372) and SCID {3251}. The 

abnormal B-cell proliferation is systemic. 

involving both lymphoid and non-lym¬ 

phoid organs, most commonly the termi¬ 

nal ileum. Haemophagocytic syndrome 

is frequent, and is most readily identified 

in bone marrow aspirates. In CVID, wax¬ 

ing and waning lymphoproliferations may 

occur in lymph nodes and extranodal 

sites, with variable morphology (includ¬ 

ing follicular hyperplasia) and paracorti- 

cal expansion with many EBV-positive 

cells, often including large atypical cells 

that may resemble Reed-Sternberg 

cells. CVID is characterized by nodular 

lymphoid hyperplasia in the gastrointes¬ 

tinal tract; clonality testing may detect 

clonal B-cell populations that are a sign 

of more aggressive disease but may also 

be self-limited (2227,3507,4128). 

In ALPS, expansions of double-negative 

(CD4-/CD8-), alpha beta CD45RA-I-, 

CD45RO- T cells in peripheral blood, 

lymph nodes, spleen, and other tissues 

are the hallmark of the disease. T-cell 

expansion can be very marked, and the 

T cells may have slightly immature chro¬ 

matin, which can lead to a mistaken diag¬ 

nosis of T-cell lymphoma, especially when 

(as is usual) the patient does not carry a 

pre-existing diagnosis of ALPS {2331}, 

Follicular hyperplasia is often prominent, 

and progressively transformed germinal 

centres may be seen {2331}. 

HIgM is characterized by circulating pe¬ 

ripheral blood B cells that bear only IgM 

and IgD. Germinal centres are absent 

in lymph nodes, IgM-producing plasma 

cells often accumulate, most commonly 

in extranodal sites, such as the gastro¬ 

intestinal tract, liver, and gallbladder. 

These lesions may be so extensive as 

to be fatal, without progression to clonal 

lymphoproliferative disorder. 

Lymphomas 
Lymphomas occurring in patients with 

PIDs do not generally differ in their mor¬ 

phology from those occurring in immuno¬ 

competent hosts. 

Lymphomatoid granulomatosis, an EBV- 

driven proliferation of B cells associ¬ 

ated with a marked T-cell infiltration, is 

increased in frequency in patients with 

WAS {1754). The most common sites of 

involvement are the lungs, skin, brain, 

and kidneys. 

Diffuse large B-cell lymphoma is the 

most common type of lymphoma seen 

in PIDs in general; classic Hodgkin lym¬ 

phoma and Burkitt lymphoma {4007}, 

as well as peripheral T-celi lymphoma 

(3146), also occur. In AT, and to a lesser 

extent In NBS, T-cell lymphomas and leu¬ 

kaemias are more common than B-cell 

neoplasms {3910}, Rare cases of true 

peripheral T-cell lymphoma have been 

Fig. 16.03 Lymphomas in autoimmune lymphoproliferative syndrome. A Burkitt lymphoma. B Classic Hodgkin lymphoma, mixed-cellularity subtype. 

C T-cell/histiocyte-rich large B-cell lymphoma. Histologically, these lymphoma subtypes resemble those occurring sporadically, without predisposing immune abnormalities. 
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I Fig. 16.04 Autoimmune lymphoproliferative syndrome, lymph node. Paracortical T cells are (A) CD45RO-negatlve and (B) CD3-posltlve. This phenotype is characteristic of naive 

I T cells. C Paracortical T cells show varying degrees of atypia, and mitotic figures may be frequent. 

' seen in patients with ALPS (3146,3810), 

: Both T-lymphoblastic leukaemia/lympho- 

j ma and T-cell prolymphocytic leukaemia 

I have been reported in PIDs. 

! Hodgkin lymphoma 
: Hodgkin lymphoma-like lymphoprolif- 

; erations resembling those seen in the 

setting of methotrexate therapy, as well 

1 as lymphoproliferative disorder with all 

' morphological and phenotypic features 

[ of classic Hodgkin lymphoma, has been 

I reported in patients with WAS or AT 

(1090,3476), In ALPS, nodular lympho- 

cyte predominant Hodgkin lymphoma, 

j classic Hodgkin lymphoma, and T-cell/ 

I histiocyte-rich large B-cell lymphoma 

1 have been described (2331), 

' Precursor lesions 
I The underlying PID is the principal pre- 

I cursor lesion leading to the development 

! of lymphoproliferative disorder. This mor- 

' phological spectrum is accompanied 

by an increasing dominant clonal popu¬ 

lation: from clearly polyclonal, to oligo- 

clonal, to monoclonal. However, mono¬ 

clonal expansions, particularly if they are 

minor clones, do not necessarily pro¬ 

gress to major persistent clonal lesions 

(2227), Nevertheless, the detection of a 

dominant clone indicates a more aggres¬ 

sive disease (4128). 

Immunophenotype 
Non-neoplastic proliferations 
In ALPS, there is expansion of a distinc¬ 

tive CD3+, CD4-, CD8-, CD45RA+, 

CD45RO- na'fve T-cell population in the 

peripheral blood and bone marrow. The 

T cells may express CD57 but not CD25. 

Increased numbers of CD5-i- polyclonal 

B cells may also be seen (2331), HIgM is 

characterized by peripheral blood B cells 

that bear only IgM and IgD. 

Neoplasms 
Most of the lymphomas in patients with 

PID are of B-cell lineage, and thus ex¬ 

press B-cell antigens corresponding 

to their differentiation stage. EBV infec¬ 

tion of B cells often leads to downregu- 

lation of B-cell antigens. Thus, CD20, 

CD19, and CD79a may be negative or 

expressed on only some of the neoplas¬ 

tic cells in EBV-positive lymphoprolifera¬ 

tive disorder. Similarly, EBV leads to the 

expression of CD30 in most cases. In 

patients with EBV-positive lymphoprolif¬ 

erative disorder resulting from defective 

immune surveillance, the latency genes 

including LMP1 may be expressed. In 

cases showing evidence of plasmacytoid 

differentiation, monotypic cytoplasmic 

immunoglobulin may be identified. The 

immunophenotypes of the specific B-cell 

and T-cell lymphomas in PIDs do not dif¬ 

fer from those of the same lymphomas in 

immunocompetent patients. 

Fig. 16.05 Reactive lymph node from a patient with autoimmune lymphoproliferative syndrome. A There is prominent paracortical expansion. B Reactive germinal centres are 

present and the paracortex is expanded. C The cells are slightly larger than normal small lymphocytes, with dispersed chromatin. 
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Fig. 16.06 Hyper-IgM syndrome. A Lymph node containing cortex with primary follicles, but lacking germinal centres. B CD20 staining highlights cortical areas. 

Genetic profile 
Antigen receptor genes 
Because lymphoproliferative disorder in 
PID is a spectrum from reactive to ag¬ 
gressive lymphoproliferations, the prolif¬ 
erations can be polyclonal, oligoclonal, 
or monoclonal. Fatal infectious mono¬ 
nucleosis is generally polyclonal; overt 
lymphomas such as diffuse large B-cell 
lymphoma and Burkitt lymphoma have 
clonal IG heavy and light chain gene re¬ 
arrangement {1090,2227,3507). There is 
only limited experience with T-cell clonal- 
ity tests in the setting of PIDs. 

Cytogenetic abnormalities and 
oncogenes 
Genetic alterations may be directly re¬ 
lated to the primary immune defect, such 
as FAS mutation in patients with ALPS, 
mutations of the SH2D1A gene encod¬ 
ing for SAP/SLAM in XLP, and many 
chromosomal breaks In NBS {1371, 
3898). Other abnormalities may occur 
in the course of lymphoproliferative dis¬ 
order. In AT, in addition to mutations of 
ATM, inversions and translocations of 

the TR genes on chromosomes 7 and 14 
are common. Consequently, these often 
show breakpoints at 14q11, 7q35, 7p13 
and chromosomal rearrangements/trans¬ 
locations including inv(7)(p13q35), t(7;7) 
(p13;q35), and t(7;14)(p13;q11), as well 
as t(14;14)(q11;q32), which can involve 
the IGH gene locus {3910}. Such translo¬ 
cations may also involve the TCL1A gene 
in 14q32.1 and other oncogenes leading 
to T-cell lymphoproliferative diseases, 
including T-cell prolymphocytic leukae¬ 
mia and pre-T lymphoblastic leukaemia/ 
lymphoma. 

Prognosis and predictive factors 
The prognosis is related to both the un¬ 
derlying PID and the type of lymphopro¬ 
liferative disorder. The immunological 
status of the host is an important risk 
factor {547}. The lymphoid proliferations 
in ALPS are often self-limiting. Lymphoid 
hyperplasias in CVID may be indolent. 
Most of the other lymphoproliferative dis¬ 
orders in patients with PID are aggres¬ 
sive. However, given the wide variety of 
underlying conditions and ensuing lym¬ 

phoproliferative disorders, the prognosis 
must be evaluated in each case individu¬ 
ally, although clonality testing may be of 
additional value {4128}. In patients with 
EBV-driven infectious mononucleosis, 
a haemophagocytic syndrome may be 
the primary cause of death, usually as¬ 
sociated with marked pancytopenia, liver 
dysfunction, coagulopathy, and further 
infectious complications. 
Treatment is determined on the basis of 
both the nature of the neoplastic pro¬ 
cess and the underlying genetic defect. 
In general, less-aggressive therapy is 
needed than in patients without PID. Allo¬ 
geneic bone marrow transplantation has 
been used in patients with WAS, SCID, 
and HIgM {1066,1508). Because the 
EBV-driven B-cell expansion in lympho- 
matoid granulomatosis is often not auton¬ 
omous, it may respond to immunoregu- 
latory therapy using interferon alfa 2b 
{4332); however, like in post-transplant 
lymphoproliferative disorder, anti-CD20 
directed therapy is more important. 
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Fig. 16.07 Radiological findings in HIV-associated lymphoma. A Nuclear MRI of the brain showing a large tumour 

mass in the basal ganglia. B Multiple filling defects are seen in liver. 

! Definition 
I Lymphomas that develop in HIV-positive 

patients are predominantly aggressive B- 

cell lymphomas. In a proportion of cases, 

I they are considered AIDS-defining con¬ 

ditions and are the initial manifestation of 

AIDS. These disorders are heterogene¬ 

ous and include lymphomas usually dia¬ 

gnosed in immunocompetent patients, 

I as well as lymphomas seen much more 

often in the setting of HIV infection. The 

most common HIV-associated lympho¬ 

mas include Burkitt lymphoma, diffuse 

large B-cell lymphoma (DLBCL; often 

involving the CNS), primary effusion 

lymphoma (PEL), and plasmablastic 

lymphoma. Classic Hodgkin lymphoma 

(CHL) is also increased in the setting of 

HIV infection. 

Epidemiology 
The incidence of all subtypes of non- 

Hodgkin lymphoma is increased 60- 

200 times in HIV-positive patients. Before 

combination antiretroviral therapy (cART) 

was available, primary CNS lymphoma 

and Burkitt lymphoma were increased 

approximately 1000 times in compari¬ 

son with the general population {345, 

2285}. Since the introduction of cART, 

the incidence of non-Hodgkin lymphoma 

has decreased by 50%, mainly due to 

decreased CNS lymphoma and the im- 

munoblastic histological subtype {1107). 

Moreover, the decreased incidence of 

most AIDS-associated non-Hodgkin 

lymphomas after cART introduction is 

consistent with improved CD4 counts 

{363,373). cART is also associated with 

increased survival (with a 75% decrease 

in mortality), although lymphomas now 

account for a higher proportion of first 

AIDS-defining illnesses {974,1107). In 

contrast, the risk of HIV-associated CHL 

has remained stable, and burden of dis¬ 

ease has increased. The incidence of 

CHL is about 50 cases per 100 000 per¬ 

son-years among HIV-infected individu¬ 

als, 5-20 times the incidence in the gen¬ 

eral population {3649). Because CHL 

incidence is lower among patients with 

severe immunosuppression than among 

those with moderate immune defect, 

the relatively increased CHL incidence 

could be related to improvements in CD4 

counts {374,770}. Lymphocyte predomi¬ 

nant Hodgkin lymphoma can occur in 

HIV-infected individuals, but there is no 

known association. 

Etiology 
Lymphomas in HIV-infected patients 

are heterogeneous, reflecting several 

pathogenetic mechanisms: chronic an¬ 

tigen stimulation, genetic abnormalities, 

cytokine deregulation, and the role of 

EBV and HHV8 {555,557). HIV-related 

lymphomas are consistently monoclonal 

and are characterized by a number of 

common genetic abnormalities of MYC 
and BCL6, as well as tumour suppressor 

genes {1272,4096). The polyclonal or oli- 

goclonal nature of some HIV-related lym- 

Fig. 16.08 HIV-associated diffuse large B-cell lympho¬ 

ma involving the basal ganglia. 

phoid proliferations suggests a multistep 

lymphomagenesis. B-cell stimulation, hy- 

pergammagiobulinaemia, and persistent 

generalized lymphadenopathy preced¬ 

ing the development of these lymphomas 

probably reflect the role of chronic anti¬ 

genic stimulation and impaired immune 

response. Disruption of the cytokine net¬ 

work, leading to high serum levels of IL6 

and IL10, is a feature of HIV-related lym¬ 

phomas associated with EBV or HHV8. 

EBV is identified in the neoplastic cells 

of approximately 40% of HIV-related lym¬ 

phomas, but the detection of EBV varies 

considerably with the site of presentation 

and the histological subtype. EBV infec¬ 

tion is found in 80-100% of primary CNS 

lymphomas {536) and PELs, in 80% of 

DLBCLs with immunoblastic features, 

and in 30-50% of Burkitt lymphomas 

{1531). Nearly all CHL cases in the set¬ 

ting of HIV infection are associated with 

EBV {191,3754}. HHV8 is specifically as¬ 

sociated with PEL, which usually occurs 

in the late stages of the disease, in the 

setting of profound immunosuppression 

(623). 

Prevention 
Despite the therapeutic advances with 

cART, there is still no effective immuni¬ 

zation or cure for HIV infection. Diversity 

caused by circulating recombinant viral 

forms is a major challenge, which has 
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Fig. 16.09 Burkitt lymphoma associated with HIV infection. A Touch imprint reveals intermediate-sized cells with rim 

of blue cytoplasm and cytoplasmic vacuoles. There is a large tingible body phagocytic macrophage in the centre of 

the field. B The cell population is uniform. C In another case, the cells show much greater variation in the size and 
shape of the lymphoma cells. D Burkitt lymphoma with plasmacytoid differentiation. The cells have an eccentric rim 

of deeply stained cytoplasm. 

been increased by the increasing ease of 

world travel (3912). 

Localization 
HIV-related lymphomas display a marked 

propensity to involve extranodal sites, in 

particular the gastrointestinal tract, CNS 

(less frequently since cART), liver, and 

bone marrow. The peripheral blood is 

rarely involved except in cases of Burkitt 

lymphoma, which may even present as 

acute leukaemia. Unusual sites such as 

the oral cavity, jaw, and body cavities are 

often involved. Other extranodal sites in¬ 

clude lung, skin, testis, heart, and breast. 

Lymph nodes are involved in about 

one third of reported cases at presenta¬ 

tion (365), but since the cART era, nodal 

involvement accounts for half of all cases 

{1643). 

Clinical features 
Most patients present with advanced 

clinical stage; bulky disease with a high 

tumour burden is frequent. Lactate de¬ 

hydrogenase is usually markedly ele¬ 

vated. There is a significant relationship 

between the subtype of lymphoma and 

the HIV disease status. DLBCL more 

often occurs in the setting of longstand¬ 

ing AIDS and is associated with a trend 

towards a higher rate of opportunistic 

infections and lower CD4-i- T-cell counts 

(mean: <100x10®/L). In contrast, Bur¬ 

kitt lymphoma and Hodgkin lymphoma 

occur in less immunodeficient patients, 

with a shorter mean interval between the 

diagnosis of HIV seropositivity and lym¬ 

phoma and significantly higher CD4-i- 

T-cell counts (>200 x 10®/L) (363,553). 

Microscopy 
In HIV-positive patients, there is a spec¬ 

trum of lymphoid proliferations, some of 

which resemble aggressive B-cell lym¬ 

phomas that develop sporadically in the 

absence of HIV infection. Others, like the 

polymorphic lymiphoid proliferations, may 

resemble those seen in other immunode¬ 

ficiency states, including after transplanta¬ 

tion. In addition, there are unusual lympho¬ 

mas that occur more specifically (although 

not exclusively) in patients with AIDS. 

Lymphomas also occurring in 
immunocompetent patients 

Burkitt lymphoma 
Burkitt lymphoma accounts for 20-30% 

of all HIV-associated lymphomas, and 

is more common in the setting of HIV in¬ 

fection than in other immunodeficiency 

states. The gastrointestinal tract is the 

most common site of presentation, but 

in patients with AIDS, Burkitt lymphoma 

can present in unusual sites including the 

bone marrow. Burkitt lymphoma occurs 

in patients with CD4-I- cell cut-offs above 

the threshold for AIDS, suggesting that ! 

onset may require functional CD4-I- cells. 

There is a diffuse, monotonous, and co¬ 

hesive proliferation of intermediate-sized 

cells with round nucleoli and basophilic ; 

cytoplasm, which appears vacuolated 

on imprints. Mitoses are frequent, as 

are tingible body macrophages impart¬ 

ing the starry-sky appearance, which is 

characteristic. (3310). In some cases, , 

there may be greater variation in cell size 

and shape, previously termed Burkitt-like 

lymphoma. In most HIV-related Burkitt 

lymphoma cases, the cells reveal plas¬ 

macytoid differentiation, which is pecu¬ 

liar to patients with AIDS. They are char- j 

acterized by medium-sized cells with an I 

eccentric nucleus, as many as four nu- ; 

cleoli, and a small rim of amphophilic cy- j 

toplasm. The cells may contain cytoplas- - 

mic immunoglobulin. EBV-encoded small i 

RNA (EBER) is positive in about 30-50% ; 

of cases, whereas EBV LMP1 is negative | 

|881). Tumour cells have features of the ■; 
small non-cleaved cells found in germi- ; 

nal centres, and are positive for CD20, 

CD10, and BCL6, but negative for BCL2, 

The Ki-67 proliferation index approaches 

100%. The cells are positive for MYC with 

immunohistochemical stains, and the 

MYC translocation can usually be dem- I 

onstrated by cytogenetics or EISH, 

DLBCL 
Patients with HIV-related DLBCL usually 

present with extranodal or disseminated 

disease; nodal presentation is less com¬ 

mon than in the immunocompetent popu¬ 

lation. Most patients have high-stage dis¬ 

ease (stage III or IV). The most common 

sites of extranodal disease are the CNS, 

gastrointestinal tract, bone marrow, and 

liver. There may be involvement of unu¬ 

sual sites, such as the heart or anorec¬ 

tal region. HIV-related DLBCL may be 

of the germinal centre B-cell type or the 

activated B-cell type, with the germinal 

centre B-cell type being more common. 

EBV is present in about 30% of cases, 

and together with expression of MYC, 

correlates with an impaired 2-year sur¬ 

vival in patients with DLBCL treated in 

the cART era (630,659,660,1056). Most 

HIV-related DLBCLs consist of centro- 

blasts, which are large cells with round or 

oval nuclei and two or more nucleoli, of¬ 

ten aligned along the nuclear membrane. 

Mitoses may be frequent, but they usually 

450 Immunodeficiency-associated lymphoproliferative disorders 



Fig. 16.10 HIV-associated diffuse large B-cell lymphoma involving the brain reveals perivascular cuffing by large 

immunoblastic cells. 

Fig. 16.11 Polymorphous lymphoid proliferation in HIV 

infection resembling post-transplant lymphoproliferative 

disorder, with a mixture of lymphoplasmacytoid cells 

including large immunoblasts. 

Fig. 16.12 HIV-associated diffuse large B-cell lymphoma (DLBCL). A Primary CNS DLBCL. B DLBCL, immunoblastic variant. The cells have prominent central nucleoli. C The 

cells exhibit marked plasmacytoid differentiation on touch imprint. 

lack a starry-sky pattern. Immunoblastic 

lymphomas consist of larger cells with 

deeply basophilic or amphophilic cyto¬ 

plasm, and may appear plasmacytoid 

with a perinuclear hot. The nuclei contain 

a prominent oentral nucleolus. Primary 

CNS lymphomas are usually of the im¬ 

munoblastic type {5361. They are intrac¬ 

ranial parenchymal tumours that may be 

deep-seated in the brain or may be mul¬ 

tifocal. In addition to the cerebrum, they 

may be located in the basal ganglia and 

brain stem, and may involve the menin¬ 

ges. Lymphomas tend to follow vascular 

channels as perivascular cuffs, and there 

may be admixed small lymphocytes and 

glial cells. AIDS-related DLBCLs ex¬ 

press B-cell-lineage antigens including 

CD19 and CD20, and have phenotypes 

similar to those of DLBCLs in the general 

population. Most have IG heavy and light 

chain gene rearrangements, and several 

proto-oncogenes may be involved in the 

pathogenesis, including MYC, BCL2, 
and BCL6. EBV infection is associated 

with expression of several tumour mark¬ 

ers that are involved in the NF-kappaB 

pathway {659). 

Plasmablastic lymphoma 
Plasmablastic lymphoma accounts for 

about 2% of all HIV-related lymphomas 

{554). The blastoid morphology and im- 

munophenotype suggest that these 

cells retain the blastoid appearance of 

immunoblasts or centroblasts, but have 

acquired the antigen profile of plasma 

cells. They may occur at all ages but are 

rare in paediatric patients. The median 

patient age at presentation is 38 years 

(577). The cell or origin is considered to 

be an activated B cell after somatic hy¬ 

permutation and class-switch recombi¬ 

nation. About 60-70% of cases are posi¬ 

tive for EBER in the absence of EBNA2 

(compared with about 50% in immuno¬ 

competent patients with plasmablastic 

lymphoma) {2755). There is expression 

of MYC in about 50% of cases, which 

correlates with MYC translocation or 

sometimes amplification. There are no 

translocations involving BCL2, BCL6, 
MALT1, or PAX5. EBV LMP1 is usually 

negative (type I EBV latency), although 

type III latency has been recorded {578). 

Extranodal presentation is most frequent 

particularly in the oral cavity or jaw. For 

this reason, it is sometimes referred to 

as plasmablastic lymphoma of the oral 

cavity type. Other sites of involvement in¬ 

clude the gastrointestinal tract, skin, ab¬ 

domen, retroperitoneum, and soft tissue 

of the extremities {578). Patients do not 

usually have a monoclonal gammopathy, 

but may have advanced clinical stage, 

with B symptoms and bone marrow in¬ 

volvement. Histologically, plasmablastic 

lymphoma is characterized by sheet-like 

proliferation of large cells with immuno¬ 

blastic or plasmablastic appearance, 

including central round or oval nuclei 

with prominent nucleoli and moderately 

abundant amphophilic cytoplasm. The 

nuclei may be eccentrically located with 

a perinuclear clearing or so-oalled hof. In 

the oral cavity, the cells may have a more 

centroblastic appearance but retain the 

plasmablastic phenotype (936). There 

are frequent apoptotic cells, but a starry- 

sky pattern is rare. The neoplastic cells 

are negative or weakly positive for CD45 

and usually negative for B-cell markers, 

including CD19, CD20, and PAX5, but 

most cases are positive for CD79a, IRF4 

(also called MUMI), PRDM1 (also called 

BLIMP1), CD38, and CD138. Intracyto- 

plasmic IgG may be detected in some 

patients. There may be aberrant expres¬ 

sion of T-cell markers, including CD2 and 
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Fig. 16.13 Plasmablastic lymphoma. A Presenting as an oral cavity mass characterized by sheets of large plasmablastic cells with round or oval nuclei, prominent central nucleoli, 

and amphophilic cytoplasm. B Stained for IRF4 (also called MUM1). 

CD4. The Ki-67 (MIB1) proliferation index 

is almost 100%. 

Hodgkin lymphoma 
The incidence of CHL may have increased 

since the introduction of cART, suggest¬ 

ing that a threshold of CD4+ cells may 

be required tor the pathogenesis, and 

that cART does not provide protection 

from developing CHL {1657,2218}. In the 

era before cART, most cases were of the 

mixed-cellularity or lymphocyte-depleted 

subtypes. Likely due to improved immu¬ 

nity with anti-HIV therapy, nodular sclero¬ 

sis CHL now accounts for nearly 50% of 

cases {3649}, HIV-associated CHL may 

have an atypical clinical presentation with 

advanced-stage bone marrow or liver 

involvement, as well as non-contiguous 

spread to multiple nodal groups. In HIV- 

related Hodgkin lymphoma, the Hodg- 

kin/Reed-Sternberg cells are positive 

for EBER in 80-100% of cases; the cells 

express a type II EBV latency pattern in 

which expression of EBV-encoded genes 

is limited to EBNA1 and latent membrane 

proteins (LMP1 and LMP2) {1624}. Both 

these proteins have oncogenic potential, 

including the activation of the NF-kappaB 

pathway. In HIV-related CHL, there may 

be decreased nodal CD4-i- T cells and 

lack of CD4-I- rosetting around Hodgkin/ 

Reed-Sternberg cells {1574}. 

Other lymphomas 
Cases of marginal zone lymphoma and 

lymphoma of mucosa-associated lym¬ 

phoid tissue have been described in both 

paediatric and adult patients with HIV in¬ 

fection {1376,2593,3945}. Rare cases of 

NK/T-cell lymphomas have been report¬ 

ed, including mycosis fungoides, ana¬ 

plastic large cell lymphoma, and nasal- 

type NK/T-cell lymphoma {159,365,501, 

546,1266,1492,1667,1857,4008}. There is 

also an increased risk of lymphoplasma- 

cytic lymphoma and lymphoblastic leu¬ 

kaemia {1370}. 

Lymphomas occurring more 
specifically in HIV-positive patients 
PEL, plasmablastic lymphoma, and 

HHV8-positive DLBCL, NOS, occur more 

specifically in HIV-positive patients. 

Lymphomas occurring in other 
immunodeficient states 
Polymorphic lymphoid proliferations re¬ 

sembling post-transplant lymphoprolif- 

erative disorder may be seen in adults 

and also in children, but are much less 

common than in the post-transplant set¬ 

ting, accounting for <5% of HIV-associ¬ 

ated lymphomas. The mean patient age 

at presentation is 38 years, similar to 

those of other HIV-related non-Hodgkin 

lymphomas. They may present in lymph 

nodes as well as extranodal sites. These 

conform to the criteria of polymorphic B- 

cell post-transplant lymphoproliferative 

disorder. The infiltrates contain a range 

of lymphoid cells, from small cells (often 

with plasmacytoid features) to immuno- 

blasts, with scattered large bizarre cells 

expressing CD30. EBV is often present, 

but some cases are EBV-negative {2030, 

2519,2804,3901}. A clonal B-cell popula¬ 

tion is present in most cases, and there 

may be an oligoclonal background, sug¬ 

gesting variable numbers of clonal cells 

within a polymorphic background. Clonal 

EBV infection has been demonstrated. 

They generally lack structural alterations 

in MYC, BCL6, the RAS family of genes, 

and TP53 {2804}. 

Prognosis and predictive factors 
Before the cART era, the outcome of 

patients with lymphoma and HIV infec¬ 

tion was closely related to the severity 

of immunodeficiency {430}. HIV-directed 

therapy can now reduce the impact of 

HIV-related prognostic factors and allow 

curative therapy for most patients with 

aggressive lymphoma {278,2333,3580), 

The achievement of complete remission 

is the most important prognostic factor 

with respect to survival {4351}, Expres¬ 

sion of MYC in DLBCL from HIV-positive 

patients is associated with increased 

2-year mortality {660}. In HIV-associat¬ 

ed DLBCL, the stromal immune reac¬ 

tion may also influence patient survival 

{661}, Patients with HIV have reduced 

stromal CD4-i- and FOXP3+ T cells, and 

increased density of stromal macrophag¬ 

es. A higher density of infiltrating CD8+ 

T cells may be associated with reduced 

mortality from lymphoma {661). Plasmab¬ 

lastic lymphoma is associated with early 

relapses, and chemotherapy resistance 

with an inferior overall survival compared 

with DLBCL and Burkitt lymphoma {278, 

578}. In Burkitt lymphoma, use of modi¬ 

fied CODOX-M (cyclophosphamide, 

vincristine, doxorubicin, and high-dose 

methotrexate) regimens results in survival 

rates similar to those seen in studies that 

excluded HIV-positive patients {2906}. 

On the other hand, PEL usually has a very 

poor prognosis, with a low complete re¬ 

mission rate. CHL should be treated with 

curative intent, and has outcomes com¬ 

parable to those in the non-HIV popula¬ 

tion {4089}, There is a need for increased 

supportive care and coincident cART in 

the HIV-infected population {791}. 

452 Immunodeficiency-associated lymphoproliferative disorders 



Post-transplant lymphoproliferative 
disorders 

Definition 
Post-transplant lymphoproliferative dis¬ 

orders (PTLDs) are lymphoid or plas- 

macytic proliferations that develop as a 

consequence of immunosuppression in a 

recipient of a solid organ or stem cell allo¬ 

graft. They constitute a spectrum ranging 

from usually EBV-driven polyclonal prolif¬ 

erations to EBV-positive or EBV-negative 

proliferations indistinguishable from a 

subset of B-cell or (less often) T/NK-cell 

lymphomas that occur in immunocom¬ 

petent individuals. The monomorphic 

and classic Hodgkin lymphoma types of 

PTLD are further categorized as in non- 

immunosuppressed patients, according 

to the lymphoma they resemble. With 

the rare exception of EBV-positive MALT 

lymphomas, indolent B-cell lymphomas 

(e.g. follicular lymphoma and EBV-nega¬ 

tive MALT lymphomas in allograft recipi¬ 

ents) are designated as they are in the 

immunocompetent host and not consid¬ 

ered a type of PTLD. The standardized 

incidence ratios for chronic lymphocytic 

leukaemia / small lymphocytic lympho¬ 

ma, follicular lymphoma, mantle cell lym¬ 

phoma, and splenic/nodal marginal zone 

lymphoma are not increased in solid or¬ 

gan transplant recipients, and those for 

lymphoplasmacytic lymphoma, marginal 

zone lymphoma, and mucosa-associat¬ 

ed lymphoid tissue type lymphoma are 

only moderately elevated {763,2051}. The 

presence of rare EBV-positive cells in a 

lymphoid/plasmacytic proliferation, in the 

absence of other diagnostic features, is 

insufficient for the diagnosis of a PTLD. 

There are four major categories of PTLD, 

with all but the polymorphic group re¬ 

quiring further subcategorization (Ta¬ 

ble 16.02). Their criteria are summarized 

in Table 16.03. Patients may have more 

than one type of PTLD in a single site 

or at separate sites. Cases that fulfil the 

criteria for EBV-positive mucocutaneous 

ulcer should be separately designated. It 

is important to diagnose cases as PTLD 

and then indicate what type because of 

the prognostic and therapeutic implica¬ 

tions. Given the intralesional heteroge¬ 

neity of many PTLDs, the importance of 

Table 16.02 Categories of post-transplant 

lymphoproliferative disorder (PTLD) 

Non-destructive PTLDs 

Plasmacytic hyperplasia 

Infectious mononucleosis 

Florid follicular hyperplasia 

Polymorphic PTLD 

Monomorphic PTLDs^ 

(classify according to lymphoma they resemble) 

B-cell neoplasms 

Diffuse large B-cell lymphoma 

Burkitt lymphoma 

Plasma cell myeloma 

Plasmacytoma 

Other'" 

T-cell neoplasms^ 

Peripheral T-cell lymphoma, NOS 

Hepatosplenic T-cell lymphoma 

Other 

Classic Hodgkin lymphoma PTLD^ 

^ The ICD-0 codes for these lesions are the same 

as those for the respective lymphoid or plasma¬ 

cytic neoplasm. 

Indolent small B-cell lymphomas arising in 

transplant recipients are not included among 

the PTLDs, with the exception of EBV-positive 

marginal zone lymphomas (see text). 

architectural features in their categori¬ 

zation, and the need in some cases for 

extensive ancillary studies, excisional 

biopsy is preferred over fine-needle aspi¬ 

ration or core needle biopsies whenever 

feasible. 

Epidemiology 
The characteristics of PTLD appear 

to differ somewhat across institutions, 

probably as a result of different patient 

populations, allograft types, and immu¬ 

nosuppressive regimens. A variety of risk 

factors have been identified {521,522, 

2980}, but the most important risk factor 

for EBV-driven PTLD is EBV seronegativ- 

ity at the time of transplantation {522,720, 

4270}. Among adult and paediatric solid 

organ recipients, the frequency of PTLD 

correlates, in part, with the intensity and 

type of the immunosuppressive regimen, 

although no single immunosuppressive 

Swerdlow S.H 

Webber S.A. 

Chadburn A. 

Ferry J.A. 

agent is uniquely responsible. Among 

adults, patients receiving renal allo¬ 

grafts have the lowest frequency of PTLD 

(generally <1%); those with hepatic and 

cardiac allografts have an intermediate 

risk (approximately 1-5%); and those 

receiving heart-lung, lung, or intestinal 

allografts have the highest frequency 

(>5%) {236,521,522,2980}. In children, 

for any given organ, the incidence is 

much higher {966,4271}, with most cases 

being associated with post-transplanta¬ 

tion primary EBV infection {4271}. This 

is consistent with the finding of an in¬ 

creased incidence of PTLD among EBV- 

seronegative organ transplant recipients 

{720}. The incidence of PTLD is reported 

to rise again in patients aged >50 years 

{1106,3262}. Lack of prior cytomegalovi¬ 

rus exposure is also a risk factor in some 

series. Additional host factors such as 

genetic polymorphisms may also impact 

the risk for PTLD {2756,3345}. 

In general, stem cell allograft recipients 

have a low risk of PTLD (-1-2%); the risk 

of early-onset PTLD (< 1 year) is highest 

with unrelated or HLA-mismatched re¬ 

lated donors, selective T-cell depletion 

of donor bone marrow, and use of anti¬ 

thymocyte globulin or anti-CD3 mono¬ 

clonal antibodies. The risk of PTLD in 

these patients increases for those with 

two or more of these risk factors {851}. 

PTLD-like lesions are rare after autolo¬ 

gous stem cell transplantation; they may 

be associated with additional high-dose 

immunosuppressive regimens and are 

best considered iatrogenic immunode¬ 

ficiency-associated lymphoproliferative 

disorders rather than PTLD {2832}. 

Etiology 
Most PTLDs are associated with EBV 

infection, and appear to constitute EBV- 

induced monoclonal or, less often, 

polyclonal B-cell or monoclonal T-oell 

proliferations that occur in a setting of de¬ 

creased T-cell immune surveillance {629, 

767,1205,1245,2053,2819,3845}, EBV 

positivity is best demonstrated using in 

situ hybridization for EBV-encoded small 

RNA (EBER); EBV LMP1 immunostaining 
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Table 16.03 Criteria used in the categorization of post-transplant lymphoproliferative disorder (PTLD) 

Pathological type of PTLD Histopathology Immunophenotype/ Genetics 

Architectural effacement Major findings 

in-situ hybridization 
IGH/TR clonal 

rearrangements 

Cytogenetic/oncogene 

abnormalities 

Plasmacytic hyperplasia Absent Predominantly small 

lymphocytes and plasma 

cells 

Pci B cells and 

admixed T cells; 

EBV+ 

Pc! or very small 

mcl B-cell population(s) 

None 

Infectious mononucleosis Absent Admixed small 

lymphocytes, plasma 

cells, and immunoblasts 

Pci B cells and 

admixed T cells; 

EBV+ 

Pci or very small 

mcl B-cell population(s); 

may have clonal/ 

oligoclonal TR genes 

Simple cytogenetic 

abnormalities 

rarely present 

Florid follicular hyperplasia Absent Prominent hyperplastic 

germinal centres 

Pci B cells and 

admixed T cells; 

EBV+ 

Pci or very small mcl 

B-cell population(s) 

Non-specific 

simple cytogenetic 

abnormalities 

rarely present 

Polymorphic Present Full spectrum of 

lymphoid maturation 

seen, not fulfilling criteria 

for NHL 

Pci ± mcl B cells and 

admixed T cells; 

most EBV+ 

Mcl B cells, 

non-clonal T cells 

Some have BCL6 

somatic hypermutations 

Monomorphic Usually present Fulfils criteria for an 

NHL (other than one 

of the indolent B-cell 

neoplasms®) or plasma 

cell neoplasm 

Varies based on 

type of neoplasm they 

resemble; 

EBV more variable than 

in other categories 

Clonal B cells 

and/or T cells 

(except for rare NK-cell 

cases) 

Variably present 

(see text) 

CHL Present Fulfils criteria for CHL Similar to other CHL; 

EBV+ 

IGH not easily 

demonstrated 

Unknown 

CHL, classic Hodgkin lymphoma; NHL, non-Hodgkin lymphoma; mcl, monoclonal; pci, polyclonal. 

Monoclonality and polyclonality are only inferred when finding monotypic or polytypic light chain expression. 

® EBV-positive MALT lymphomas at least of skin/subcutaneous tissues should be considered a type of PTLD. 

is less sensitive. Most EBV-positive cases 

exhibitatype III EBV latency pattern, buta 

moderate number show a type II pattern, 

and fewer show a type I pattern, although 

not all of the cells in a given case show 

the same pattern {1405,3011). Evidence 

of lytic EBV infection can also be docu¬ 

mented in more than half of the cases and 

has been associated with plasmacytic 

differentiation {1405}. About 20-40% of 

PTLDs are EBV-negative, with some se¬ 

ries reporting an even higher proportion 

of cases. Approximately two thirds of the 

T-cell PTLDs are EBV-negative {47,385, 

1205,2239,2756,2848,3845). Further¬ 

more, the proportion of EBV-negative 

PTLDs has increased since PTLDs were 

first being reported {2848}. EBV-negative 

PTLDs are more oommon in adults, tend 

to occur later after transplantation, and 

are more likely to be monomorphic com¬ 

pared with EBV-positive cases {1355, 

2848). Although data are limited, EBV- 

negative cases appear to have a gene 

expression profile similar to that of dif¬ 

fuse large B-cell lymphoma occurring in 

immunocompetent hosts {2754}. Differ¬ 

ences in the regulation of BCL2 family 

proteins between EBV-positive and EBV- 

negative PTLD have also been reported 

{1354}. HHV8-associated PTLDs have 

been reported, including post-transplant 

primary effusion lymphoma {1030,1935, 

2571}; however, the etiology of the vast 

majority of EBV-negative PTLDs is un¬ 

known. Some may be due to EBV that is 

no longer detectable {3760}, some due to 

other unknown viruses, and some due to 

chronic antigenic stimulation, including 

by the transplant itself {385}. Two gene 

expression profiling studies support a 

non-virai etiology for the EBV-negative 

cases, although other studies have failed 

to find differences between EBV-positive 

and EBV-negative PTLDs {832,2754, 

4100}. The EBV-negative cases are still 

considered to represent PTLD, and some 

may respond to decreased immunosup¬ 

pression {2848}. 

The majority (>90%) of PTLDs in solid 

organ recipients are of host origin, and 

only a minority of donor origin. Donor- 

origin PTLDs appear to be most com¬ 

mon in liver and lung allograft recipients. 

and frequently involve the allograft {147, 

632,2225,3756,4290}. In contrast, most 

PTLDs in stem cell allograft recipients are 

of donor origin, as would be expected, 

given that successful engraftment results 

in an immune system that is nearly exclu¬ 

sively of donor origin {4507}. 

Localization 
Involvement of lymph node, gastrointes¬ 

tinal tract, lungs, and liver is common, 

but disease can occur at almost any site 

in the body {1205,2819,3130,4271}. The 

CNS is involved uncommonly, either as 

the only site of disease or in association 

with muitiorgan involvement {575,1119}, 

In solid organ transplant recipients, PTLD 

can involve the allograft, which can cause 

diagnostic confusion because rejection 

and infection can result in a similar clini¬ 

cal picture. Allograft involvement appears 

more frequently in early-onset, EBV-posi¬ 

tive disease and is most common in lung 

and intestinal transplant recipients {236, 

1355,2980,3296}, The non-destructive 

PTLDs often present with tonsil and/or 

adenoid involvement but can also occur 

454 Immunodeficiency-associated lymphoproliferative disorders 



at other sites, EBV-positive MALT lym- 

phoma PTLDs most typically present 

in cutaneous or subcutaneous tissues 

{1368). The plasmacytoma lesions may 

have nodal or, more commonly, extran- 

odal presentations, usually without bone 

marrow involvement {1951,3352,4042). 

Some cases have a myeloma-like presen¬ 

tation, including osteolytic bone lesions 

(1951,4042), Overt bone marrow involve¬ 

ment by polymorphic PTLDs (P-PTLDs) 

and monomorphic PTLDs (M-PTLDs) is 

present in about 15-20% of cases, but 

peripheral blood is rarely involved (2697). 

The presence of occasional small lym¬ 

phoid aggregates or rare EBV-positive 

cells is not sufficient to diagnose PTLD 

in the marrow. Bone marrow allograft re¬ 

cipients tend to present with widespread 

disease involving nodal and extranodal 

sites, including liver, spleen, gastrointes¬ 

tinal tract, and lungs (3130,3636,4507). 

Clinical features 
The clinical features of PTLD are highly 

variable and correlate to some extent with 

the type of allograft and morphologically 

defined categories, PTLD frequently pre¬ 

sents in the first year after transplantation, 

especially in EBV-seronegative recipients 

who acquire early post-transplant EBV 

infection, often from the donor. This pat¬ 

tern of presentation is particularly com¬ 

mon in children. However, the median 

time to PTLD in some studies, especial¬ 

ly those of adult populations, is several 

years, and as many as 15-25% of cas¬ 

es occur >10 years after the transplant 

(981,1122,2819,3130). There is some ev¬ 

idence for an increase in prevalence of 

late-onset disease (720), although this 

may in part reflect the ever-expanding 

population of patients at risk as the num¬ 

ber of long-term survivors of transplanta¬ 

tion increases. EBV-negative PTLD and 

T/NK-cell PTLD tend to present later (with 

median times to occurrence of 4-5 years 

and ~6 years, respectively), although 

T-cell PTLDs following haematopoietic 

stem cell or bone marrow transplanta¬ 

tion occur significantly earlier (851,1625, 

2239,2848,3845,3999). 

PTLD presentations vary greatly. Some 

PTLDs are found incidentally, some 

present with very vague non-specific 

symptoms such as fever and malaise, 

and some present with infectious mono- 

nucleosis-like findings. Others present 

with tonsil or adenoid enlargement, 

lymphadenopathy or tumorous mass- 

Fig. 16.14 Infectious mononucleosis post-transplant lymphoproliferative disorder in the tonsil of an 11-year-old renal 

allograft recipient. A There is preservation of overlying epithelium and crypts, but normal follicles are absent, and 

there is a diffuse lymphoid proliferation. B Polymorphic proliferation of immunoblasts, small lymphoid cells, and 

plasma cells. C CD20 staining showing scattered B cells. D In contrast, a stain for CD79a shows more-numerous 

positive cells, indicating plasmacytoid differentiation. E In situ hybridization identifies EBV-encoded small RNA 

(EBER) expression in most of the cells. 

es, often at extranodal sites, sometimes 

with organ-specific dysfunction and 

occasionally with widely disseminated 

disease. A viral septic shock-like picture 

is another rare presentation. 

Prognosis and predictive factors 
Although overall mortality rates of 

25-60% are still quoted (2756), newer 

therapeutic strategies appear to be as¬ 

sociated with a better overall outcome. 

The non-destructive PTLDs (previously 

termed early lesions) tend to regress 

with reduction in immune suppression; if 

this can be accomplished without graft 

rejection, the prognosis is excellent, par¬ 

ticularly in children (2385,2849,4462). 

However, some infectious mononucleo- 

sis-like PTLDs can be fatal. P-PTLDs 

and even a significant minority of M- 

PTLDs may also regress with reduction in 

immune suppression (3346,3769,4271). 

Some factors that have been reported to 

be associated with a lack of response to 

decreased immunosuppression include 

elevated lactate dehydrogenase, organ 

dysfunction, multiorgan involvement, ad¬ 

vanced stage, bulky disease, and older 

patient age (3346,4066). Clinical caution 

is required because rebound acute or 

chronic rejection is frequently observed 

during reduction of immunosuppression 

and can lead to graft loss and death 

(4271). A proportion of P-PTLDs and 
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Fig. 16.15 Florid follicular hyperplasia post-transplant lymphoproliferative disorder in a 20-year-old man, 10 years after heart transplantation. The lesion, which had only rare 

EBV+ ceils, regressed after the patient’s immunosuppression was reduced and did not recur. A Endoscopic image of ileocaecal mass. B,C Biopsies showing a variabiy dense 

infiltrate composed of organized iymphoid tissue with scattered germinal centres, many small lymphocytes, some plasma cells, and infrequent transformed cells. 

more-numerous M-PTLDs fail to regress, 

and require additional therapies such as 

monoclonal antibodies directed against 

B-cell antigens (most commonly anti- 

CD20), sometimes together with chemo¬ 

therapy {741,742,1099,1404,1474}. The 

anti-CD30 antibody brentuximab vedotin 

has also been used, with mixed results 

{47,1634}, Surgical excision or some¬ 

times radiation therapy are other impor¬ 

tant therapeutic modalities in localized 

cases. Adoptive T-cell immunotherapy 

is another therapeutic approach {1031, 

1545,1629}. Although no comparative 

clinical trials have been reported for Bur- 

kitt lymphoma PTLDs, cessation of im¬ 

munosuppression and immediate use of 

multidrug (immuno)chemotherapy likely 

offer the best outcomes for this aggres¬ 

sive PTLD {3168,4495}. Plasmacytoma¬ 

like PTLDs have a variable outcome, but 

many do well, sometimes with very lim¬ 

ited therapy {981,3142,3205,3352,4042}, 

The myelomatous lesions and cases with 

osteolytic bone lesions are not expected 

to regress with decreased immunosup¬ 

pression and have a poor prognosis, 

although they may respond to myelo¬ 

ma-type therapy {2053,4042}. T/NK-cell 

PTLDs are also typically aggressive, par¬ 

ticularly those of hepatosplenic type, with 

the exception of those of large granular 

lymphocyte type, which typically do very 

well {3845,3999}. Nevertheless, some T- 

celi PTLDs do respond to reconstitution 

of the patient's immune system. Classic 

Hodgkin lymphoma PTLDs are generally 

treated with conventional classic Hodg¬ 

kin lymphoma therapeutic regimens, 

with good results. 

Risk factors for adverse outcome vary 

greatly across studies. Some of the re¬ 

ported factors that have been associ¬ 

ated with an adverse prognosis include 

multiple sites of disease (perhaps not in 

children), advanced stage, involvement 

of the CNS, bone marrow and serous ef¬ 

fusions, older patient age at diagnosis, 

elevated lactate dehydrogenase, and 

hypoalbuminaemia {522,741,981,1099, 

1120,1356,2240,2435,4061,4271}. The 

combination of lytic EBV infection and 

type III EBV latency has also been as¬ 

sociated with an adverse prognosis, as 

well as with early onset {1405). Although 

EBV negativity in PTLD, and even among 

the T/NK-cell PTLDs, has been reported 

to be an adverse prognostic indicator, 

not all studies document a survival dif¬ 

ference {741,3845}. PTLD of donor origin 

in solid organ transplant recipients and 

the overlapping group of PTLD localized 

to the allograft have better than average 

prognoses, although in T-cell PTLD, graft 

involvement has been reported to be 

an adverse prognostic indicator {3999}. 

PTLDs with oncogene abnormalities are 

also considered to be more aggressive. 

Whether P-PTLD does better than M- 

PTLD is controversial. Overall, the mor¬ 

tality of PTLD is much greater in bone 

marrow allograft recipients than in solid 

organ allograft recipients. It should also 

be remembered that, although uncom¬ 

mon, there may be progression from 

non-destructive to polymorphic and from 

polymorphic to monomorphic PTLD, 

sometimes with documented additional 

molecular abnormalities {3168,4377}. 

Serial monitoring of EBV DNA levels in 

whole blood, peripheral blood mono¬ 

nuclear ceil preparations, or plasma is 

often used to help predict the risk for 

PTLD and the onset of PTLD, as well as 

to follow PTLD, including to guide pre¬ 

emptive therapy in some patients. Its use 

appears most helpful in solid organ trans¬ 

plant recipients who are seronegative at 

transplantation, particularly children. 

However, it should be noted that EBV- 

positive PTLD can develop in the ab¬ 

sence of high viral loads, high viral loads 

are not predictive in all settings, and a 

fall in load may not always predict treat¬ 

ment response. A rapid fall in EBV viral 

load is almost invariable when anti-B cell 

monoclonal antibodies are given as part 

of the treatment regimen, irrespective of 

long-term PTLD response {72,3451}. The 

lack of standardization of techniques and 

results for assessment of circulating viral 

load has been an additional complicat¬ 

ing factor, although there is now an inter¬ 

national WHO standard for determining 

EBV load {3451}. 

Non-destructive post-transplant 
lymphoproliferative disorders 

Definition 
Non-destructive post-transplant lym¬ 

phoproliferative disorders are defined 

as lymphoid proliferations in an allograft 

recipient characterized by architectural 

preservation of the involved tissue and 

an absence of features that would be 

diagnostic of a malignant lymphoma. 

In most cases, they form mass lesions. 

These PTLDs must be distinguished from 

lymphoid proliferations with other known 

explanations and from other non-specific 

chronic inflammatory processes. 
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Because cases of plasmacytic hyperpla¬ 

sia (PH) and florid follicular hyperplasia 

are histologically non-specific, the dia- 

! gnosis requires the formation of a mass 

lesion and/or significant EBV positiv- 

i ity. This group of PTLDs were formerly 

j known as early lesions; however, this 

[ term has been deleted due to confu- 

i Sion with the group of PTLDs that oc- 

I cur early after transplantation. In fact, 

a series of so-called early PTLDs from 

; 2005-2007 were diagnosed at a median 

I of 50 months after transplantation {2849}. 

i Clinical features 
• PH and infectious mononucleosis (IM) 

; PTLDs tend to occur at a younger age 

. than the other PTLDs, and are often seen 

! in children or in adult solid organ recipi¬ 

ents who have not had a prior EBV infec- 

1 tion {629,2385,2849). Cases of florid fol- 

: licular hyperplasia PTLD also occur most 

. commonly in children {2849,4101). These 

non-destructive lesions involve lymph 

nodes or tonsils and adenoids more often 

than true extranodal sites {2848,2385). 

> They often regress spontaneously with 

I reduction in immunosuppression or may 

: be successfully treated by surgical ex- 

i cision; however, IM-like lesions can be 

fatal. In some cases, polymorphic or 

I monomorphic PTLD may follow one of 

^ the non-destructive type lesions {2819, 

’ 4377). 

: Microscopy 
I PH is characterized by numerous plasma 

^ ceils, small lymphocytes, and generally 

! infrequent bland-appearing immunob- 

' lasts, whereas IM PTLD has the typical 

‘ morphological features of IM, with para- 

cortical/interfollicular expansion and nu- 

; merous immunobiasts in a background of 

T cells and plasma cells. Florid follicular 

' hyperplasia is a mass lesion with marked 

follicular hyperplasia that does not sug¬ 

gest IM {4101). Criteria for the distinction 

of these non-destructive PTLDs from 

other reactive lymphoid infiltrates are not 

well defined and rest on the extent of the 

proliferation, clinical correlation, and the 

presence or absence of EBV. 

Immunophenotype 
Immunophenotypic studies show an 

admixture of polytypic B cells, plasma 

cells, and T cells without phenotypic ab¬ 

errancy. EBV is present in many of the 

reported cases of PH and florid follicular 

hyperplasia {2053,2849,4101). These di¬ 

agnoses should be made only with great 

caution in EBV-negative cases, due to 

the non-specificity of the histological/im- 

munophenotypic findings. IM PTLDs are 

typically EBV-i- with EBV LMPI-i- immuno¬ 

biasts {2385). 

Genetic profile 
Clonally rearranged IG genes are not 

expected in PH, although small clonal 

populations may be demonstrated with 

Southern blot analysis using probes to 

the terminal repeat region of EBV. Some 

IM PTLDs may have small monoclonal or 

oligoclonal populations. The significance 

of oligoclonality or a small clonal band 

in these cases is unknown {2053,4377). 

Florid follicular hyperplasia does not usu¬ 

ally demonstrate clonal B cells but, as is 

also reported in IM PTLD, rarely demon¬ 

strates simple clonal cytogenetic abnor¬ 

malities {2849,4101). 

Fig. 16.16 Plasmacytic hyperplasia. A The normal architecture of the lymph node is intact. B Numerous plasma 

cells are present. 

Polymorphic post-transplant 
lymphoproHferative disorders 

Definition 
Polymorphic post-transplant lymphopro- 

liferative disorders (P-PTLDs) are com¬ 

posed of a heterogeneous population of 

immunobiasts, plasma cells, and small 

and intermediate-sized lymphoid cells 

that efface the architecture of lymph 

nodes or form destructive extranodal 

masses and do not fulfil the criteria 

for any of the recognized types of lym¬ 

phoma described in immunocompetent 

hosts. There are no established criteria 

for the proportion of transformed cells/ 

immunobiasts that may be present in 

P-PTLD. Distinction from cases of infec¬ 

tious mononucleosis PTLD with marked 

architectural distortion may be diffi¬ 

cult. More problematic is the distinction 

of some P-PTLDs from monomorphic 

PTLDs (M-PTLDs). The criteria for the 

distinction of P-PTLDs from M-PTLDs 

that have plasmacytic differentiation are 

not well defined. PTLDs that fulfil the cri¬ 

teria for T-cell/histiocyte-rich large B-cell 

lymphoma or EBV-positive diffuse large 

B-cell lymphoma, NOS, which may ap¬ 

pear polymorphic, are best considered a 

form of M-PTLD, because they would be 

diagnosed as lymphoma in a non-trans¬ 

plant patient. Of great importance, cases 

of monomorphic T-cell PTLD, which can 

also appear very polymorphic, must not 

be confused with P-PTLD. Some PTLDs 

that appear polymorphic but fulfil the cri¬ 

teria for EBV-positive mucocutaneous ul¬ 

cer should be so-designated (for a more 

detailed description, see Other iatrogen¬ 
ic immunodeficiency-associated lym- 
phoproliferative disorders, p. 462) {1565}. 

The mucocutaneous ulcer type of PTLDs 

characteristically lack peripheral blood 

EBV DNA and do well with reduced/al¬ 

tered immunosuppression with or without 

rituximab {1565). 

ICD-0 code 9971/1 

Clinical features 
The reported frequency of P-PTLDs var¬ 

ies widely, but they account for a minor¬ 

ity of PTLDs in most studies. However, in 

children P-PTLD is generally more com¬ 

mon and frequently follows post-trans¬ 

plantation primary EBV infection {4271). 

The clinical presentation of P-PTLDs is 

not distinguishable from that of PTLDs 

in general, although they have been 
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in the bone marrow in some patients with 

P-PTLD {2068}. They are more common 

in children than in adults. The clinical sig¬ 

nificance of these aggregates, which are 

not always EBV-positive, is uncertain. 

Immunophenotype 
Immunophenotypic studies demonstrate 

B cells and a variable proportion of het¬ 

erogeneous T cells that are usually mod¬ 

erately numerous and sometimes pre¬ 

dominate {1062,2819}. Light chain class 

restriction does not exclude the diag¬ 

nosis and, when present, may be focal, 

or with the presence of different clonal 

populations in the same or different sites 

{2819}. The presence of clear-cut light 

chain class restriction must be noted in 

the diagnostic report, because some of 

these cases could also be classified as 

monomorphic diffuse large B-cell lym¬ 

phoma PTLD with plasmacytic differen¬ 

tiation or as plasma cell neoplasm with 

increased transformed cells. Prominent 

CD30 expression is common, but unlike 

in most cases of classic Hodgkin lym¬ 

phoma, the CD30-I- Reed-Sternberg-like 

cells are CD20-r and CD15- {694,4159}. 

Most cases of P-PTLD contain numer¬ 

ous cells positive for EBV-encoded small 

RNA (EBER). Detection of EBV by in situ 

hybridization for EBER is a useful tool in 

the differential diagnosis of PTLD versus 

rejection in allografts. 

Genetic profile 
P-PTLDs are expected to demonstrate 

clonally rearranged IG genes, although 

the clones are less predominant than 

in M-PTLD {766,1936,2053,2378}. EBV 

terminal repeat analysis is the most sen¬ 

sitive method for demonstrating clonal 

populations in the EBV-positive cases, 

but is not generally performed. In some 

reported cases, tumours at different sites 

in the same patient may be clonally dis¬ 

tinct {628}, About 75% of P-PTLDs are 

reported to have mutated IGV genes 

without ongoing mutations, and the re¬ 

mainder are unmutated {550}. Significant 

T-cell clones are not expected. Clonal cy¬ 

togenetic abnormalities may be present 

although less commonly detected than in 

B-cell M-PTLD {1010,4101}, Comparative 

genomic hybridization studies also dem¬ 

onstrate abnormalities in some P-PTLDs, 

including some recurrent abnormalities 

also seen in M-PTLD {3207}. BCL6 so¬ 

matic hypermutations are present in a 

subset of cases, as is aberrant promoter 

Fig. 16.17 Polymorphic post-transplant lymphoproliferative disorder. A Architectural effacement with large area of 

geographical necrosis. B Note the variably sized and shaped lymphoid cells, with one very large cell resembling a 

Reed-Sternberg variant, C Numerous CD30+ cells are also present. 

reported to occur earlier than M-PTLD. 

Reduction in immunosuppression leads 

to regression in a variable proportion of 

cases; others may progress and require 

treatment for lymphoma {2053,2819, 

3769,4271}, 

Microscopy 
Unlike the three types of non-destructive 

PTLD lesions, P-PTLDs show efface¬ 

ment of the underlying tissue architec¬ 

ture {1258,1541}. However, unlike many 

lymphomas, they show the full range 

of B-cell maturation, from immuno- 

blasts to plasma cells, with small and 

medium-sized lymphocytes and cells 

with irregular nuclear contours, some of 

which represent the typically prominent 

T-cell component. There may be areas 

of geographical necrosis and scattered 

large, bizarre cells that not infrequently 

resemble Reed-Sternberg cells (atypi¬ 

cal immunoblasts). Numerous mitoses 

may be present. Some cases have areas 

that appear more monomorphic in the 

same or other tissues; thus, there may be 

a continuous spectrum between these 

lesions and M-PTLD, Other P-PTLDs 

have features that more closely resem¬ 

ble those of Hodgkin lymphoma. Some 

of these cases were previously referred 

to as Hodgkin-like. Variably sized, but 

usually small, lymphoid aggregates with 

or without plasma cell clusters are seen 

Fig. 16.18 Polymorphic post-transplant lymphoproliferative disorder, EBV-positive, There are (A) numerous variably 

sized CD20+ B cells as well as (B) many mostly small CD3+ T cells. 
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methylation, but other mutations are only 

uncommonly detected {550,622,4100). 

Nevertheless, it has been reported that 

P-PTLD does not segregate from non- 

germinal centre M-PTLD based on gene 

expression profiling (4100). 

Monomorphic post-transplant 
lymphoproliferative disorders 
(B- and T/NK-cell types) 

Introduction 
Monomorphic post-transplant lympho¬ 

proliferative disorders (M-PTLDs), which 

make up about 60-80% of all PTLDs in 

most studies, fulfil the criteria for one of 

the B-cell or T/NK-cell neoplasms that are 

recognized in immunocompetent hosts 

and described elsewhere in this volume. 

The only exception to this is that the small 

B-cell lymphoid neoplasms are not des¬ 

ignated as PTLD, except for the EBV- 

positive lymphoplasmacytic proliferations 

that typically occur in skin/subcutaneous 

tissue, which fulfil the criteria for extran- 

odal marginal zone lymphoma of muco¬ 

sa-associated lymphoid tissue (MALT 

lymphoma) (1368). 

The M-PTLDs should be designated as 

PTLD in the diagnostic line of the pathol¬ 

ogy report, and then further categorized 

based on the classification of lymphomas 

arising in immunocompetent hosts. Al¬ 

though the term monomorphic PTLD re¬ 

flects the fact that many cases are com¬ 

posed of a monotonous proliferation of 

transformed lymphoid cells or plasmacyt- 

ic cells, there may be significant pleomor- 

phism, variability of cell size, and many 

admixed T cells within a given case. In 

addition, because polymorphic PTLD and 

M-PTLDs of B-cell origin form a spectrum, 

their distinction can become blurred, par¬ 

ticularly with the recognition of pleomor¬ 

phic EBV-positive diffuse large B-cell 

lymphomas that arise in the absence of 

primary or secondary immunodeficiency 

or in association with age-related immune 

senescence. A predominance of large 

transformed cells/immunoblasts and ab¬ 

normalities in oncogenes and tumour 

suppressor genes favour the diagnosis 

of M-PTLD, but are not required findings 

(2053). As noted above, cases that fulfil 

the criteria for EBV-positive mucocutane¬ 

ous ulcer should be separately designat¬ 

ed and not diagnosed as M-PTLD even if 

there are many atypical and transformed 

B cells and monoclonality (1565). 

M-PTLDs can be further categorized 

as either monomorphic B-cell PTLDs or 

monomorphic T/NK-cell PTLDs. 

Monomorphic B-cell PTLD 

Definition 
The monomorphic B-cell PTLDs are 

monoclonal transformed B-lymphocytic 

or plasmacytic proliferations that ful¬ 

fil the criteria for a diffuse large B-cell 

lymphoma, or less often a Burkitt lym¬ 

phoma or a plasma cell neoplasm. The 

latter may have all the features of an 

extraosseous plasmacytoma with in¬ 

volvement of the gastrointestinal tract, 

lymph nodes or other extranodal sites or 

much less often of plasma cell myeloma. 

EBV-i- extranodal marginal zone lympho¬ 

mas of mucosa-associated lymphoid 

tissue (MALT lymphomas) that typically 

present in the skin or subcutaneous tis¬ 

sues should also be considered a type 

of M-PTLD. These must be distinguished 

from the EBV- MALT lymphomas such as 

in the stomach or parotid that, together 

with the other small B-cell lymphomas, 

would not be considered a type of PTLD. 

While these EBV- MALT lymphomas may 

be somewhat more common in post¬ 

transplant individuals compared to the 

general population, they are very much 

like the MALT lymphomas seen in immu¬ 

nocompetent hosts. 

Clinical features 
The clinical presentation of monomor¬ 

phic B-PTLDs is not distinctive and is, in 

general, similar to the presentation of the 

lymphomas or plasma cell neoplasms 

that they resemble. The EBV+ MALT 

lymphoma M-PTLDs are distinctive, with 

a frequently cutaneous/subcutaneous 

presentation. They occur late after trans¬ 

plantation and are solitary, and the pa¬ 

tients do well (23773403). 

Microscopy 
Monomorphic B-PTLDs most commonly 

fulfil the conventional criteria for diffuse 

large B-cell lymphoma, with fewer cases 

of Burkitt lymphoma, plasmacytoma, or 

very rarely plasma cell myeloma PTLD. It 

is important to recognize that monomor¬ 

phic B-PTLDs are not all monotonous 

proliferations of one cell type since there 

may be pleomorphism of the transformed 

cells, plasmacytic differentiation, and not 

infrequently Reed-Sternberg-like cells, all 

of which will lead to a more polymorphic 

appearance. Some cases will resemble 

EBV-r diffuse large B-cell lymphoma, 

NOS. Nevertheless many of these cases, 

with the exception of T cell rich histiocyte 

rich forms, will clearly have a predomi¬ 

nance of transformed B-cells or sheets 

of plasma cells. Geographic necrosis 

may be present and is usually associat¬ 

ed with EBV positivity. Cases diagnosed 

as plasmacytoma PTLD, which typically 

have sheets of plasma cells, may have 

occasional foci of lymphoid cells. Al¬ 

though many have mostly small plasma 

cells, some cases can have larger cells 

with nucleoli (3142). A plasmablastic 

lymphoma PTLD must then be exclud¬ 

ed. The EBV-i- cutaneous/subcutaneous 

MALT lymphoma PTLDs resemble other 

MALT lymphomas that have plasmacytic 

differentiation, with many lymphoid cells 

with abundant pale cytoplasm, follicles 

with follicular colonization and at least 

focally prominent plasma cells. Some 

cases have been diagnosed as plasma¬ 

cytoma PTLD, consistent with the con¬ 

cept that plasmacytomas (immunocyto- 

mas) of skin are considered to represent 

MALT lymphomas. Rare cases at extra- 

cutaneous sites that might be otherwise 

similar have also been reported. 

Immunophenotype 
The lesions, other than those resembling 

plasma cell neoplasms, have B-cell-asso- 

ciated antigen expression (CD19, CD20, 

CD79a), sometimes with demonstrable 

monotypic Immunoglobulin (often with ex¬ 

pression of gamma or alpha heavy chain) 

in paraffin sections and more often if flow 

cytometric studies are performed. Many 

cases are CD30-t-, with or without ana¬ 

plastic morphology. Most M-PTLDs are of 

non-germinal centre type based on immu- 

nohistochemistry. The EBV-positive cases 

usually have a non-germinal centre pheno¬ 

type (CD10-, BCL6±, IRF4/MUM1+) even 

though only a minority are CD138 posi¬ 

tive, whereas the EBV-negative cases are 

more likely to have a germinal centre type 

phenotype (CD10±, BCL6-(-, IRF4/MLIM1-, 

GDI38-; 60% of cases in one study). The 

Burkitt PTLDs, which are often EBV-pos¬ 

itive, however, are CDIO-i-. The myeloma 

or plasmacytoma-PTLDs, which may be 

EBV-positive or -negative, are phenotypi- 

cally similar to those in immunocompetent 

patients. Although only a limited number 

of cases have been reported, the majority 

of the EBV+ MALT PTLDs have been IgA-r, 
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Fig. 16.19 Monomorphic B-cell PTLDs. A Liver biopsy showing partial replacement by diffuse large B-cell lymphoma, immunoblastic variant. B Diffuse large B-cell lymphoma, 

centroblastic variant, EBV-negative, showing large transformed cells, many of which have peripheral nucleoli, consistent with centroblasts. There are also admixed immunoblasts. 

C Burkitt lymphoma showing monotonous, medium-sized cells with multiple nucleoli, basophilic cytoplasm and numerous mitoses. D Monomorphic B-cell PTLD with a polymorphic 

background. Note the admixture of many pleomorphic transformed cells with small lymphocytes and occasional plasma ceils. The diagnosis of an M-PTLD is based on the very 

prominent light chain class restricted large transformed cells associated in part with many T-cells. 

Genetic profile 
Clonal IG gene rearrangement is pres¬ 

ent in virtually all cases, and the ma¬ 

jority contain EBV genomes, which, if 

present, are in clonal episomal form. 

PTLDs at different sites may have differ¬ 

ent clones as well as when they ‘relapse’. 

Most cases have somatically mutated 

IGHV with a minority showing ongoing 

mutations. However, some cases have 

IGHV loci inactivation related to crip¬ 

pling mutations as seen in CHL. Caution 

in interpreting T-cell clonality studies is 

advised as monoclonal T-cell recep¬ 

tor rearrangements in the absence of a 

T-cell neoplasm have been reported in 

about half of B-PTLD particularly when 

a prominent CD8-1- T-cell population is 

present. Of interest, this finding was not 

observed in DLBCL associated with HIV 

or in immunocompetent hosts. Consist¬ 

ent with the phenotypic findings, EBV-i- 

PTLDs are of activated B-cell type, but, 

in contrast, 45% of the EBV-negative 

cases are of germinal centre type. As 

in non-PTLD DLBCL, oncogene abnor¬ 

malities {RAS, TP53 mutations and/or 

MYC rearrangements) may be found, 

and BCL6 gene somatic hypermutation 

is common; however, BCL6 transloca¬ 

tions are uncommon. Aberrant promoter 

hypermethylation and aberrant somatic 

hypermutation also occur in M-PTLD. 

Cytogenetic abnormalities are common, 

and are more frequent than in the non¬ 

destructive or polymorphic PTLD. While 

some recurrent abnormalities are report- 
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Fig. 16.20 Monomorphic B-cell PTLD with a 

polymorphic background (EBER ISH for EBV). The 

pleomorphic large cells and some smaller ones are 

EBER-posItive. 

ed in PTLD such as breaks involving the 

1q11-q21 region, 8q24.1, 3q27, 16p13, j 
14q32, 11q23-24 and trisomies 9, 11, 7, 

X, 2 and 12, different studies find differ¬ 

ent common abnormalities. Compara¬ 

tive genomic hybridization and single j 
nucleotide polymorphism (SNP) studies ^ 

demonstrate additional gains and loss- j 
es, although no individual abnormality is 

very common. Although some of these 

are shared with DLBCL in immunocom¬ 

petent hosts, differences are observed 

as well. Differences from HIV-associated 

DLBCL are also observed {3361A}. EBV- 

negative monomorphic PTLD frequently 

lack expression of the cyclin dependent 

kinase inhibitor CDKN2A (p16INK4a). Al¬ 

though the majority of Burkitt lymphoma 

PTLD do have \G/MYC translocations, 3 

of 7 EBV-negative post-transplant mo- 

lecularly defined Burkitt lymphomas had 

the same 11q abnormalities seen in the 

new provisional entity of Burkitt-like lym¬ 

phoma with 11q aberrations raising the 

possibility that these cases are more fre¬ 

quent in the post-transplant setting. 
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Fig. 16.21 Monomorphic T-cell PTLD. A Subcutaneous panniculitis-like T-cell lymphoma in an adult female renal allograft recipient, showing diffuse involvement of subcutaneous 

tissue. This case was EBV-negative. B Hepatosplenic gamma delta T-cell lymphoma (EBV-negative) in a 29-year-old male renal allograft recipient. There is infiltration of small 

blood vessels in the allograft. 

Monomorphic T/NK-cell PTLD 

Definition 
Monomorphic T/NK-cell PTLDs (T/NK- 

PTLD) include PTLDs that fulfil the criteria 

for any of the T- or natural killer (NK) cell 

lymphomas. In North America and west¬ 

ern Europe, these lesions constitute no 

more than 15% of PTLDs. They include 

almost the entire spectrum of T- and NK- 

cell neoplasms, with the largest group 

being peripheral T-cell lymphoma, NOS, 

followed by hepatosplenic T-cell lym¬ 

phoma, which together make up slightly 

more than 10% of T-PTLDs, Other types 

of T/NK-cell PTLDs include T-cell large 

granular lymphocytic leukaemia, adult 

T-cell leukaemia/lymphoma (ATLL), ex- 

tranodal NK/T cell lymphoma, nasal type, 

mycosis fungoides/Sezary syndrome, 

primary cutaneous anaplastic large cell 

lymphoma, other anaplastic large cell 

lymphomas and even rare cases of T- 

lymphoblastic leukaemia/Lymphoma. In 

some instances T-cell PTLDs have oc¬ 

curred with, or subsequent to, other types 

of PTLDs. Very rarely aggressive NK-cell 

PTLDs also occur. 

Clinical features 
Clinical presentation depends on the 

type of T/NK-cell neoplasm. Most cases 

present at extranodal sites, sometimes 

with associated lymphadenopathy. The 

more common sites of involvement in¬ 

clude the PB or BM, spleen, skin, liver, 

gastrointestinal tract and lung. 

Microscopy 
The morphologic features of T/NK-PTLD 

do not differ from those of the same T/ 

NK-cell lymphomas in immunocompe¬ 

tent hosts. It is critical to distinguish T-cell 

large granular lymphocyte leukaemias 

from the other T/NK-PTLDs. 

Immunophenotype 
T/NK-PTLDs show expression of pan-T- 

cell and sometimes NK-associated an¬ 

tigens. Depending on the specific type, 

they may express CD4 or CDS, CD30, 

ALK and either alpha beta or gamma 

delta T-cell receptors. About one third of 

cases are EBV-positive, Cases of ATLL 

are associated with HTLV-1. 

Genetic profile 
Cases of T-cell origin have clonal T-cell 

receptor gene rearrangement. Caution 

is advised as clonal or oligoclonal CDS-r 

T-cells may be seen following bone mar¬ 

row transplantation or in IM and clonal 

T-cell rearrangements are also reported 

in M-PTLD of B-cell origin. Chromosomal 

abnormalities are common and similar 

to those seen in T/NK-cell neoplasms in 

the immunocompetent host such as i(7) 

(qlO) and -r8 in most of the hepatosplenic 

T-cell lymphomas. Oncogene mutations, 

such as in TP53, are also reported in a 

high proportion of T/NK-PTLDs, 

Fig. 16.22 Classic Hodgkin lymphoma post-transplant lymphoproliferative disorder in a 52-year-old man following renal transplant. The Reed-Sternberg cells were EBV- 

positive, A Reed-Sternberg cell surrounded by small lymphocytes and some eosinophils. B,C Reed-Sternberg cells with CD30 expression (B) and Golgi-type CD15 positivity (C). 
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Classic Hodgkin 
lymphoma post-transplant 
lymphoproliferative disorder 

Definition 
Classic Hodgkin lymphoma (CHL) post¬ 

transplant lymphoproliferative disorder 

(PTLD), the least common major form 

of PTLD, is almost always EBV-positive, 

and should fulfil the diagnostic criteria for 

CHL (see Chapter 15: Hodgkin lympho¬ 
mas, p.423). These lesions are usually 

of the mixed-cellularity type and have 

a type II EBV latency pattern as is typi¬ 

cal in immunocompetent hosts. Because 

Reed-Sternberg-like cells may be seen 

in non-destructive, polymorphic, and 

some monomorphic PTLDs, the diag¬ 

nosis of CHL must be based on both 

classic morphological and immunophe- 

notypic features, preferably including 

both expression of both CD15 and CD30 

{2820,3436}. Although CD15-negative 

CHLs occur, caution is advised in mak¬ 

ing the diagnosis of CHL PTLD, because 

these cases must be distinguished from 

the other types of PTLD that include 

Reed-Sternberg-like cells, which are 

most typically EBV-r, CD45-f, CD15-, 

and CD20-t- and often present in asso¬ 

ciation with small and intermediate-sized 

EBV-f lymphoid cells {694,1034,1417, 

Other iatrogenic immunodeficiency- 
associated lymphoproliferative 
disorders 

Definition 
The other iatrogenic immunodeficiency- 

associated lymphoproliferative disorders 

are lymphoid proliferations or lympho¬ 

mas that arise in patients treated with im¬ 

munosuppressive drugs for autoimmune 

disease or conditions other than in the 

post-transplant setting. They constitute a 

spectrum ranging from polymorphic pro¬ 

liferations resembling polymorphic post¬ 

transplant lymphoproliferative disorders 

(PTLDs) to cases that fulfil the criteria for 

diffuse large B-cell lymphoma (DLBCL) 

or other B-cell lymphomas, such as EBV- 

positive DLBCL, peripheral T/NK-cell 

lymphoma, and classic Hodgkin lympho¬ 

ma (CHL). EBV-positive mucocutaneous 

ulcer is a specific type of immunosup¬ 

pression-associated lymphoprolifera¬ 

tive disorder due to iatrogenic immuno¬ 

suppression or age-related immune 

senescence that often has Hodgkin-like 

features and typically a self-limited, indo¬ 

lent course {1018}. latrogenically related 

lymphomas occurring in treated haema- 

tological malignancies are not covered 

here {16). 

Epidemiology 
The frequency of these disorders is not 

well known, and it is difficult to determine 

how many are directly related to the iat¬ 

rogenic immunosuppression rather than 

the underlying disorder or chance alone. 

However, their prevalence may be on the 

rise due to the increased number of pa¬ 

tients receiving immunosuppression ther¬ 

apy. It is likely that the risk and type of lym¬ 

phoproliferative disorders that develop in 

this setting vary depending on the type of 

immunosuppressive agent, the degree of 

immune deficiency, and the nature of the 

underlying disorder being treated, such as 

rheumatoid arthritis, inflammatory bowel 

disease, psoriasis and psoriatio arthritis, 

systemic lupus erythematosus, and other 

autoimmune disorders {528,1478,1583, 

2636}. Complicating interpretation are 

the increased risk of non-Hodgkin lym¬ 

phomas and/or CHL in patients with vari¬ 

ous autoimmune disorders in many stud¬ 

ies {1155,1156,2636,3681} and the fact 

that many of these patients are on more 

than one immunomodulator. Most epide¬ 

miological studies have also highlighted 

the importance of disease severity and 

2820,3198,3304}. CHL PTLD is more \ 
likely to show B-oell antigen expression | 

than is CHL in immunocompetent hosts j 

{23}. Rare cases may follow other types i. 

of PTLD. Although the distinction of PTLD | 

with some Hodgkin-like features, such ■ 
as prominent Reed-Sternberg-like cells, ; 

from CHL PTLD may be difficult in some j 

cases, cases that do not clearly fulfil the j 

criteria for CHL are best classified as ei- ■ 
I 

ther polymorphic PTLD or monomorphic 

PTLD, depending on their overall mor¬ 

phological features {3198,3304}. 

ICD-0 code 9650/3 

I 
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Harris N.L. 

Sundstrom C. 

Jaffe E.S. 

the degree of inflammatory activity {219, 

1665}. Methotrexate was the first reported | 

immunosuppressive agent associated j 

with lymphoproliferative disorders in this 

setting {1910,3109,3498}, predominantly i 

in patients being treated for rheumatoid j 

arthritis. Most studies have failed to show I 

a significant increased lymphoma risk in i 

patients with rheumatoid arthritis treated 

with TNF inhibitors or receiving other bio¬ 

logical response modifiers, although cas¬ 

es of large B-cell lymphoma and classic 

Hodgkin lymphoma have been reported 

in these patients {471,504,2387,2389, 

2510,2673,4352,4355}. Although there is 

concern that patients with Crohn disease 

or inflammatory bowel disease treated 

with infliximab and/or other TNF antago¬ 

nists (adalimumab and etanercept) are 

at increased risk for hepatosplenic T-cell 

lymphoma (HSTL), other studies have 

shown no increased risk {1054}, or an 

increased incidence only when patients 

were also receiving a thiopurine or in pa¬ 

tients only receiving a thiopurine {1626, 

2091,2426,3414,3824,4355}. 
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Etiology 
Although some of these other iatrogenic 

lymphoproliferative disorders are as¬ 

sociated with EBV, like in many PTLDs, 

the frequency of EBV infection is very 

variable {1703,34981. Overall, about 

40% of lymphoproliferative disorders 

in rheumatoid arthritis patients treated 

with methotrexate are EBV-positive, with 

EBV detected more frequently in Hodg¬ 

kin lymphoma (-80%) than in DLBCL 

(-25-60%) or other B-cell lymphoma 

types {1752,2065,2673,4403}. EBV is 

almost always found in polymorphic 

lymphoproliferative disorders and in lym¬ 

phoproliferative disorders that have been 

reported to have Hodgkin-like features in 

this setting {1703,1752,3498}. EBV is not 

seen in HSTL. The degree and duration 

of immunosuppression likely plays a role 

in the development of EBV-positive lym¬ 

phoproliferative disorders. However, the 

degree of inflammation and/or chronic 

antigenic stimulation as well as the pa¬ 

tient’s genetic background may also be 

important determinants of the risk and 

type of lymphoproliferative disorder {219, 

220}. For example, patients with rheu¬ 

matoid arthritis are estimated to have a 

2-fold to 20-fold increased risk of lym¬ 

phoma even in the absence of methotrex¬ 

ate therapy {220,1155,3989}, a risk which 

might be increased in patients receiving 

methotrexate or tacrolimus and may have 

an altered EBV-host balance {527,1583}, 

Spontaneous regression of these lym¬ 

phoproliferative disorders in some cases 

after drug withdrawal underscores the 

putative pathogenic role of methotrex¬ 

ate or other immunosuppressive drugs in 

these lymphoproliferative disorders {219}. 

Table 16.04 Characteristics of methotrexate-associated lymphoproliferative disorders (LPDs), including EBV- 

positive mucocutaneous ulcer (EBVMCU), in 274 cases with details reported. 

Compiled from the literature; see text for references. 

Type Total EBV Extranodal Regress 

B-cell lymphomas 

DLBCL 159 45/108 66/90 35/115 

Polymorphic/lymphoplasmacytic 

infiltrates 

27 12/17 6/6 10/14 

Follicular lymphoma 11 2/10 2/5 3/8 

Burkitt lymphoma 3 1/3 0/1 0/3 

MZL/MALT lymphoma 3 0/3 3/3 1/1 

Lymphoplasmacytic lymphoma 2 0/2 - 0/2 

CLL/SLL 1 0/1 0/1 0/1 

MCL 1 0/1 - - 

T-cell LPDs/lymphomas 

PTCL 7 0/4 0/1 3/5 

Extranodal NK/T-cell lymphoma, 

nasal type 

2 2/2 2/2 1/1 

Other T-cell LPD 1 1/1 1/1 1/1 

Hodgkin lymphoma 42 19/23 2/19 11/25 

Hodgkin-llke lesions^ 6 6/6 3/5 6/6 

EBVMCU^ 9 9/9 9/9 5/6 

Total 274 97/190 94/143 76/188 

CLL/SLL, chronic lymphocytic leukaemia/ small lymphocytic lymphoma; DLBCL, diffuse large B-cell lymphoma; 

MALT, mucosa-associated lymphoid tissue; MCL, mantle cell lymphoma; MZL, marginal zone lymphoma; 

PTCL, peripheral T-cell lymphoma. 

^ Likely correspond to EBV-positive B-cell LPDs with Hodgkin-like cells, and may include EBV-positive 

cases presenting in oropharynx, skin, or gastrointestinal tract, which might represent the newly 

recognized EBVMCU. 

^ Only cases designated as EBVMCU occurring in patients receiving methotrexate are included here. 

Fig. 16.23 Polymorphic lymphoproliferative disorder with Hodgkin lymphoma-like features in a patient with rheumatoid arthritis treated with methotrexate. A Note the 

polymorphous infiltrate, with lymphocytes, histiocytes, and Reed-Sternberg-like cells. B In situ hybridization for EBV-encoded small RNA (EBER) showing numerous positive 

large cells as well as many positive small lymphocytes. 
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Fig. 16.24 EBV-positive large B-cell lymphoproliferation in a patient with rheumatoid arthritis treated with 

methotrexate. This lesion regressed following cessation of therapy. 

Infliximab has been reported to induce 

clonal expansion of gamma delta T cells 

in patients with Crohn disease (1985). 

Localization 
Of the cases reported in patients receiv¬ 

ing methotrexate, 40-50% have been 

extranodal, occurring at sites such as 

the gastrointestinal tract, skin, liver and 

spleen, lung, kidney and adrenal gland, 

thyroid gland, bone marrow, CNS, 

gingiva, and soft tissue {74,1703,1787, 

2065.2945.3498) . As is the case for 

HSTL in other settings, the spleen, liver, 

and bone marrow are the most common 

sites of involvement of HSTL in patients 

with Crohn disease receiving immuno- 

modulators (2426,3414). 

Clinical features 
The clinical features are the same as 

those seen in immunocompetent patients 

with similar-appearing lymphomas. 

Microscopy 
The distribution of histological types of 

iatrogenic lymphoproliferations in non¬ 

transplantation settings appears to differ 

from that seen in other immunodeficiency 

settings, with a probable increase in the 

frequency of Hodgkin lymphoma and 

lymphoid proliferations with Hodgkin-like 

features, such as EBV-positive mucocu¬ 

taneous ulcer. Among patients treated 

with methotrexate, the reported cases 

are most commonly DLBCL (35-60%) 

and CHL (12-25%), with less frequent 

cases of follicular lymphoma (3-10%), 

Burkitt lymphoma, extranodal marginal 

zone lymphoma of mucosa-associated 

lymphoid tissue (MALT lymphoma), and 

peripheral T-cell lymphoma (1703,1752, 

1908.2387.2509.3498) . Polymorphic or 

lymphoplasmacytic infiltrates resembling 

polymorphic PTLD have been described 

in as many as 20% of cases in this setting 

(1752), Peripheral T-cell lymphomas oc¬ 

curring in this setting seem to have a com¬ 

mon extranodal presentation, a cytotoxic 

profile, and may include extranodal NK/ 

T-cell lymphomas (2079,3870). Among 

CHLs, the mixed-cellularity subtype is 

more frequent than nodular sclerosis, 

with a significant proportion that cannot 

be further classified (2387). Lesions con¬ 

taining Reed-Sternberg-like cells but 

not fulfilling the criteria for Hodgkin lym¬ 

phoma, which in the past were referred 

to as Hodgkin-like lesions, have been re¬ 

ported (1911), with some likely constitut¬ 

ing the recently recognized EBV-positive 

mucocutaneous ulcer (1018) and others 

more closely resembling a polymorphic 

PTLD, HSTL in patients who have been 

treated with infliximab is indistinguish¬ 

able from HSTL arising in immunocom¬ 

petent or post-transplant patients, 

immunophenotype 
The immunophenotype of the lym- 

phoproliferative disorder does not ap¬ 

pear to differ from that of the lymphomas 

in non-immunosuppressed hosts, which 

they resemble. Among methotrexate- 

associated DLBCLs, the majority have 

an activated-B-cell immunophenotype, 

especially EBV-positive cases, EBV-pos¬ 

itive methotrexate-associated DLBCLs 

commonly express CD30 (2065,4403). 

Immunophenotype is a useful tool in the 

distinction from lymphoproliferative disor¬ 

ders that may have some Hodgkin lym¬ 

phoma-like features, but which should 

not be considered to represent CHL, the 

large cells most typically being CD20-I-/ 

CD30-F/CD15- and CD20-/CD30-f/ 

CD15-I-, respectively. EBV is variably 

positive, with type II latency (LMPI-posi- 

tive and EBNA2-negative) more common 

than type III (LMPI-positive, EBNA2-pos- 

itive) {1752,4403}. 

Postulated normal counterpart 
The postulated normal counterpart varies 

depending on the specific type of lym¬ 

phoproliferative disorder. 

Genetic profile 
The genotype of these immunodeficien¬ 

cy-associated lymphoproliferative disor¬ 

ders does not appear to differ from those 

of lymphomas of similar histological types 

not associated with immunosuppression. 

Prognosis and predictive factors 
A significant proportion of patients with 

methotrexate-associated lymphopro¬ 

liferative disorder have shown at least 

partial regression in response to drug 

withdrawal (Table 16,04). Although most 

responses have occurred in EBV-positive 

cases (1703,1752,1764,2387,3498,4403), 

a proportion of EBV-negative cases also ! 

respond (1752,2065), A variable propor¬ 

tion of DLBCLs (as many as -40%) have ’ 

regressed, while most require cytotoxic 

therapy. The proportion of polymorphic | 

lymphoproliferative disorder patients with 

regression after withdrawal is higher. In ! 

recent studies of methotrexate-asso¬ 

ciated lymphoproliferative disorder in 

rheumatoid arthritis patients, the 5-year j 

overall survival rate was >70%. Spon- j 

taneous regression follovi/ing methotrex- ; 

ate withdrawal has been associated with i 

EBV positivity and a non-DLBCL type i 

of lymphoproliferative disorder, whereas ; 

patient age >70 years and DLBCL type ' 

are predictive of a shorter survival (1752, 

4014), Early lymphocyte recovery after ( 

methotrexate withdrawal may be predic¬ 

tive of good response {1764}, A moderate 

number of patients whose lymphoprolif¬ 

erative disorder initially regresses after 

discontinuation of methotrexate later re¬ 

lapse and then require chemotherapy 

(1703,1752), Regression after discon¬ 

tinuation of drug seldom occurs in pa¬ 

tients who develop lymphoproliferative 

disorder following the administration of 

TNF blockers. Like in individuals without 

overt immunodeficiency, cases of HSTL 

in patients treated with infliximab plus 

thiopurine have a very aggressive clinical 

course, with most survivors treated with 

allogeneic bone marrow transplantation 

{2426,3414}. 
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Indeterminate dendritic cell tumour 

Interdigitating dendritic cell sarcoma 
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Disseminated juvenile xanthogranuloma 
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Definition 
Histiocytic neoplasms are derived from 

mononuclear phagocytes (macrophages 

and dendritic cells) or histiocytes. Den¬ 

dritic cell tumours are related to several 

lineages of accessory antigen-present¬ 

ing cells (dendritic cells) that have a role 

in phagocytosis, processing, and pre¬ 

sentation of antigen to lymphoid cells. 

Epidemiology 
Tumours of histiocytes are among the 

rarest tumours affecting lymphoid tis¬ 

sues, probably accounting for < 1% of tu¬ 

mours presenting in the lymph nodes or 

soft tissue {1165,3180). Because several 

of these tumour types were poorly recog¬ 

nized until recently, their true incidence 

remains to be determined. Historically, 

some large cell lymphomas of B-cell or 

T-cell type were thought to be histiocyt¬ 

ic or reticulum cell sarcomas on purely 

morphological grounds, but only a small 

number have proven to be of true mac¬ 

rophage or dendritic cell origin. Some of 

the regulatory disorders, such as mac¬ 

rophage activation and haemophagocyt- 

ic syndromes, can have large numbers of 

histiocytes, but these are non-neoplastic. 

No sex, racial, or geographical predilec¬ 

tion has been described (Table 17,01), 

Histogenesis 
The cellular counterparts of this group 

of neoplasms consist of myeloid-derived 

macrophages, myeloid-derived dendritic 

cells, and stromal-derived dendritic cells. 

The myeloid-derived macrophages and 

dendritic cells constitute divergent lines 

of differentiation from bone marrow pre¬ 

cursors, although transdifferentiation or 

hybrid differentiation states likely occur. 

Histiocytic and dendritic cell neoplasms 

tend to reproduce the morphological, 

phenotypic, and ultrastructural charac¬ 

teristics of terminally differentiated ele¬ 

ments, In line with this, blastic plasma- 

cytoid dendritic cell (PDC) neoplasm is 

excluded from this section on histiocytic 

and dendritic cell neoplasms, and is dis¬ 

cussed after the acute myeloid leukae¬ 

mias and related precursor neoplasms, 

because it stems from a cell that ac¬ 

quires terminal differentiation and den¬ 

dritic appearance following activation 

(see Chapter 9, Blastic plasmacytoid 
dendritic ceil neoplasm, p. 173). 
Intriguingly, during the past few years, 

several publications have highlighted the 

fact that, irrespective of their supposed 

normal counterparts (myeloid-derived 

macrophages or myeloid-derived den¬ 

dritic cells), some of these neoplasms 

are associated with or preceded by a 

malignant lymphoma (e.g. follicular lym¬ 

phoma, chronic lymphocytic leukaemia, 

B-lymphoblastic leukaemia/iymphoma or 

T-lymphoblastic leukaemia/iymphoma, 

and peripheral T-cell lymphoma) {678, 

859,860,1172,3313,3633), Under these 

circumstances, they carry the same TR 

or IG rearrangements and chromosomal 

aberrations as lymphoid neoplasms, 

consistent with transdifferentiation {678, 

859,860,1172,3313,3633). The histiocytic 

and lymphoid neoplasm may share a 

common progenitor {479), but one that 

has already undergone IG rearrange¬ 

ment. To date, neither comprehensive 

gene expression profiling nor next-gen¬ 

eration sequencing studies have been 

carried out, with the exception of studies 

based on canine models {399) and small 

series of follicular dendritic cell (FDC) 

sarcomas {1460,1569A,2184A, 2383A). 

A next generation sequencing study of 

13 FDC sarcomas revealed recurrent 

loss-of-function alterations in tumour 

suppressor genes involved in the nega¬ 

tive regulation of NF-kappaB activation 

(38% of cases) and cell-cycle progres¬ 

sion (31% of cases) {1460), The possible 

occurrence of BRAF V600E mutation has 

been reported in the setting of histiocytic 

sarcoma, Langerhans cell histiocytosis. 

Fig. 17.01 Schematic diagram of the origin of histiocytic and dendritic cells. Macrophages and dendritic cells (DCs; 

antigen-presenting cells) are derived from a common bone marrow precursor. In contrast, follicular dendritic cells are 

thought to be of non-haematopoietic origin. 

+, most (if not all) cells positive; -, all cells negative; -/+, a minority of cells positive; v, variable intensity. 
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FDC sarcoma, and disseminated juvenile 

xanthogranuloma {1386}. In Erdhelm- 

Chester disease, activating mutations 

in MARK pathway genes, most notably 

BRAF V600E, as well as NBAS mutation, 

can be detected. Recurrent mutations in 

the PI3K pathway gene have also been 

described {71}. 

Table 17.01 True histiocytic malignancy: a vanishing diagnosis 

Original diagnosis Currentiy considered 

Histiocytic lymphoma. Diffuse large B-cell lymphoma 

nodular and diffuse Follicular lymphoma, grade 3 

Peripheral T-cell lymphoma 

Histiocyte-rich variants of B-cell, T-cell, and Hodgkin lymphomas 

Anaplastic large cell lymphoma 

Monocytes, macrophages, 
and histiocytes 
Metchnikoff, considered the father of the 

macrophage, coined the term ‘phagocy¬ 

tosis’ in 1883, postulating a central role 

for the process in the body’s innate de¬ 

fence against infection {1412,2648}. The 

histiocytes/macrophages are derived 

from bone marrow-derived monocytes. 

Eollowing migration/maturation in tissues, 

they participate in the innate response 

with proinflammatory and anti-inflamma¬ 

tory cytokine effects, as well as in par¬ 

ticulate removal and tissue reconstitution 

{1412,1413}. They are derived largely from 

the circulating peripheral blood mono¬ 

cyte pool that migrates through blood 

vessel walls to reach its site of action, but 

local proliferation also contributes {3303}. 

Flistiocytic tumours are closely related to 

the monocytic tumours from which their 

[j precursors are derived. The distinction 

between a leukaemic infiltrate of mono¬ 

cytic origin and histiocytic sarcoma can 

I sometimes be difficult on morphological 

grounds alone. 

Macrophages display phagocytosis un¬ 

der some conditions of activation; at this 

stage, there is heightened expression of 

lysosomal enzymes that can be demon¬ 

strated by histochemistry, including non¬ 

specific esterases and acid phosphatase. 

Phagocytic activity is not a prominent 

feature of histiocytic malignancy but is a 

cardinal feature of the haemophagocytic 

syndromes. The haemophagocytic mac¬ 

rophage activation syndromes are an 

important group of non-neoplastic prolif¬ 

erative disorders that need to be differ¬ 

entiated from true histiocytic neoplasms, 

and are far more common. The hae¬ 

mophagocytic syndromes are the result 

of genetic or acquired disorders in the 

regulation of macrophage activation. The 

familial haemophagocytic lymphohistio- 

cytosis is due to genetically determined 

inability to regulate macrophage killing 

by NK and/or T cells due to mutations 

in perforin or in its packaging, export, or 

release. Acquired or secondary causes 

of the haemophagocytic macrophage 

Histiocytic medullary reticulosis 

Malignant histiocytosis 

Regressing atypical histiocytosis 

Intestinal malignant histiocytosis 

Histiocytic cytopathic panniculitis 

Haemophagocytic syndromes 

Anaplastic large cell lymphoma 

Haemophagocytic syndromes 

Primary cutaneous CD30+ T-cell lymphoproliferative disorders 

Enteropathy associated T-cell lymphoma 

Subcutaneous panniculitis-like T-cell lymphoma with 

haemophagocytosis 

Table 17.02 Immunophenotypic markers of non-neoplastic macrophages and dendritic cells, Expression is semi- 

quantitatively graded as 0 (-), low or varies with cell activity (-/+ and +/-), present (+), or high (++) 

Marker LC IDC FDC PDC Me DIDC 

MHC class II +c ++S - + + +/- 

Fc receptors^ - - + - + - 

CDIa ++ - - - - - 

CD4 + + + + + +/- 

CD21 - - ++ - - - 

CD35 - - ++ - - - 

CD68 +/- +/- - + + ++ + 

CD123 - - - ++ - - 

CD163 - - - - ++ - 

Factor XI lla - - + /- - -/+ ++ 

Fascin - ++ +/++ - -/+ + 

Langerin ++ - - - - - 

Lysozyme +/- - - - + - 

S100 ++ ++ +/- - +/- +/- 

TCL1 - - - + - - 

c. Cytoplasmic; DIDC, dermal/interstitial dendritic cell; FDC, follicular dendritic cell; IDC, interdigitating dendritic 

cell; LC, Langerhans cell; MHC, major histocompatibility oomplex; Mo, macrophage; PDC, plasmacytoid 

dendritic cell; s, surface. 

^ Fc IgG receptors (these include CD16, CD32, and CD64 on some cells). 

activation syndromes follow certain in¬ 

fections, most notably by EBV and a 

wide variety of other infectious agents, 

as well as some malignancies, rheumatic 

disorders, and multiorgan failure {1834}. 

The characteristic cytopenias of the hae¬ 

mophagocytic syndromes are most likely 

due to bone marrow suppression by the 

cytokine storm, because the bone mar¬ 

row is often hypercellular at the outset. 

Myeioid-derived dendritic cells 
Dendritic cells or antigen-presenting cells 

are found in various sites and at different 
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states of activation, and no single marker 

identifies all dendritic cell subsets {244, 

3303,3790}. Langerhans cells are spe¬ 

cialized dendritic cells in mucosal sites 

and skin that upon activation become 

specialized for antigen presentation to 

T cells, and then migrate to the lymph 

node through lymphatics. Lymph nodes 

also contain a paracortical dendritic cell 

type, the interdigitating dendritic cell, 

which may be derived in part from the 

Langerhans cell {1323}. This classic den¬ 

dritic cell lineage is believed to give rise 

to Langerhans cell histiocytosis/sarcoma 

and to interdigitating dendritic cell sarco¬ 

ma. A third, poorly defined subset of den¬ 

dritic cells, dermal/interstitial dendritic 

cells, are found in the soft tissue, dermis, 

and most organs, and can be increased 

in some inflammatory states {244}. 

PDCs (also known as plasmacytoid 

monocytes) are a distinct lineage of den¬ 

dritic ceils, which are believed to give rise 

to the blastic PDC neoplasm {1615}. The 

histogenetic origins of PDCs are contro¬ 

versial but are likely of myelomonocytic 

lineage. Interferon alpha-producing PDC 

precursors, which only acquire a den¬ 

dritic appearance in ceil culture, circulate 

in the peripheral blood and have the ca¬ 

pacity to enter lymph nodes and tissue 

through high endothelial venules {2373}. 

Stromal-derived dendritic cell types 
FDCs, which are resident within primary 

and secondary B-cell follicles, trap and 

present antigen to B cells. FDCs can 

store antigen on the cell surface as im¬ 

mune complexes for long periods of time 

{4139}. FDCs appear to be closely re¬ 

lated to bone marrow stromal progenitors 

with features of myofibroblasts {2436). 

They are a non-migrating population 

that forms a stable meshwork within the 

follicle via cell-to-cell attachments and 

desmosomes. 

Fibroblastic reticular cells are involved in 

maintenance of lymphoid integrity and 

in production and transport of cytokines 

and other mediators. In lymph nodes, 

they ensheath the postcapillary venules 

{1955,4165}. They are of mesenchymal 

origin and express SMA. Hyperplasia 

of fibroblastic reticular cells (i.e. stromal 

overgrowth) may be seen in Castleman 

disease {1808,2342}, and tumours of fi¬ 

broblastic reticular cells arise in lymph 

nodes and have features of myofibro- 

blastic tumours and closely related neo¬ 

plasms {104}. 
Fig. 17.02 Histiocytic sarcoma. Diffuse effacement of architecture by a large-cell proliferation that is indistinguish¬ 

able from a diffuse large B-cell lymphoma by conventional histopathology. 

Prognosis and predictive factors 
Because there are few phenotypic mark¬ 

ers unique for dendritic or macrophage 

histiocytes, investigators should use a 

panel appropriate to the cell in ques¬ 

tion (Table 17.02, p.467) and rigorously 

exclude other cell lineages (i.e. T-cell, B- 

cell, and NK-cell lineages, but also stro¬ 

mal, melanocytic, and epithelial lineages) 

by immunophenotypic and molecular 

means. It is also worth mentioning that 

some leukaemias and anaplastic large 

cell lymphomas can be accompanied in 

lymph nodes by an exuberant histiocytic 

response that may obscure the neoplas¬ 

tic cells. 

Consistent with their rarity, the treatment 

of histiocytic and dendritic cell neo¬ 

plasms is extremely variable, no specific 

trials being available {859,860,1021}. Ex- 

cisional biopsies should be performed 

whenever possible, needle aspirates be¬ 

ing indeed proscribed. Accurate staging 

is mandatory, because the distinction 

between localized and systemic forms 

impacts therapeutic decisions. Localized 

forms are usually surgically resected; 

the utility of radiotherapy and/or chemo¬ 

therapy as adjuvant is debated {859,860, 

1021}. The prognosis is relatively favour¬ 

able, even in cases of relapse, which has 

been reported in at least one quarter 

of patients {859,860,1021}. In contrast, 

widespread disease requires chemo¬ 

therapy and has a poor prognosis overall 

{859,860,1021}. 

Histiocytic sarcoma 

Weiss L.M. 

Pileri S.A. 

Chan J.K.C. 

Fletcher C.D.M. 

Epidemiology I 
Histiocytic sarcoma is a rare neoplasm, , 

with only limited numbers of reported se- \ 
ries of bona fide cases {806,860,1540, i 

1688,1909,3180,4216}. There is a wide ] 

patient age range, from infancy to old age; ; 

however, most cases occur in adults (me- ' 

dian patient age: 52 years) {1688,3180, ! 

4216}. A male predilection is found in { 

some studies {3180,4216} but not others I 

{1688}. Some cases are associated with j 

prior or metachronous low-grade lympho- 1 

ma, usually follicular lymphoma, but also j 
chronic lymphocytic leukaemia/small < 

lymphocytic lymphoma {1172,3633). i 

i 
li 
<; 

I 

Definition . 
Histiocytic sarcoma is a malignant pro- j 

liferation of cells showing morphological i 

and immunophenotypic features of ma- ! 

ture tissue histiocytes. Neoplastic prolif¬ 

erations associated with acute monocytic ' 

leukaemia are excluded. i 

ICD-0 code 9755/3 : 

Synonym 
True histiocytic lymphoma (obsolete) 
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I 

I 

Fig. 17.03 Histiocytic sarcoma. A Histiocytic sarcoma involving the bowel. B Note the abundant cytoplasm, which 

stains strongly for CD68 (C) and lysozyme (D). 

i Etiology 
j The etiology is unknown. A subset of 

j cases occur in patients with mediastinal 

! germ cell tumours, most commonly ma¬ 

lignant teratoma, with or without a yolk 

; sac tumour oomponent j952). Because 

; teratocarcinoma cells may differentiate 

I along haematopoletio lines in vitro {844}, 

! histiocytic neoplasms may arise from 

: pluripotent germ cells. Other cases may 

I be associated with malignant lymphoma, 

i either preceding or subsequent, or with 

I myelodysplasia and leukaemia {1172, 

: 1176,3180,4486}. 

' Localization 
; Most cases present in extranodal sites 

i {1688,3180,4216), most commonly the in- 

1 testinal tract, skin, and soft tissue. Others 

present with lymphadenopathy. Rare pa- 

j tients have a systemic presentation, with 

I multiple sites of involvement, sometimes 

i, referred to as malignant histiocytosis 

{585,3180,4331). 

j Clinical features 
Patients may present with a solitary mass, 

1 but systemic symptoms, such as fever 

' and weight loss, are relatively common 

i; (1688,3180,4216). Skin manifestations 

j may range from a benign-appearing rash 

: to solitary lesions to innumerable tumours 

! on the trunk and extremities. Patients with 

|: intestinal lesions often present with intes¬ 

tinal obstruction. Hepatosplenomegaiy 

■ and associated pancytopenia may occur. 

I The bone may show lytic lesions {1688, 

! 3180,4216), 

I 
! Microscopy 
! The tumour consists of a diffuse non- 

j cohesive proliferation of large cells 

(>20 pm), but a sinusoidal distribution 

may be seen in the lymph nodes, liver, 

and spleen. The proliferating cells may 

be monomorphic or (more commonly) 

pleomorphic. The individual neoplastic 

cells are usually large and round to oval 

in shape; however, focal areas of spin¬ 

dling (sarcomatoid areas) may be ob¬ 

served. The cytoplasm is usually abun¬ 

dant and eosinophilic, often with some 

fine vacuoles. Haemophagocytosis oc¬ 

curs occasionally in the neoplastic cells. 

The nuclei are generally large, round to 

oval or irregularly folded, and often ec¬ 

centrically placed; large multinucleated 

forms are commonly seen. The chroma¬ 

tin pattern is usually vesicular, and atypia 

varies from mild to marked. Immunostain- 

ing is essential for distinction from other 

large cell neoplasms, such as large cell 

lymphoma, melanoma, and carcinoma. 

A variable number of reactive cells may 

be seen, including small lymphocytes, 

plasma cells, benign histiocytes, and 

eosinophils. Sometimes the neoplastic 

ceils are obscured by a heavy inflamma¬ 

tory infiltrate including many neutrophils, 

mimicking an inflammatory lesion; this 

feature is particularly common in histio¬ 

cytic sarcoma involving the CNS (699). 

Ultrastructure 
The neoplastic cells show abundant 

cytoplasm with numerous lysosomes, 

Birbeck granules and cellular junctions 

are not seen. 

Immunophenotype 
By definition, there is expression of one 

or more histiocytic markers, including 

CD163, CD68 (KP1 and PGM1), and 

lysozyme, with typical absence of Langer- 

hans cell (CDIa, langerin), follicular den¬ 

dritic cell (CD21, CD35), and myeloid cell 

(CD13, MPO) markers (1688,3180,4216). 

Both CD68 and lysozyme show granular 

cytoplasmic staining. The lysozyme stain¬ 

ing is accentuated in the Golgi region. 

CD163 staining is in the cell membrane 

and/or cytoplasm. Rarely, weak expres¬ 

sion of CD15 occurs (3180), In addition. 

Fig. 17.04 Histiocytic sarcoma. A Note the multinucleated tumour cell. B The cytoplasm is relatively abundant, but 

lymphoma without immunohistochemical studies. C Diffuse staining for the lysosomal marker CD68. 

the neoplasm is difficult to distinguish from a large B-cell 
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CD45, CD45RO, and HLA-DR are usu¬ 

ally positive. There may be expression 

of S100 protein, but this is usually weak 

and focal {3180}, There is no positivity for 

specific B-cell and T-cell markers. CD4 is 

often positive with cytoplasmic staining. 

These tumours are devoid of HMB45, 

EMA, and keratin. The Ki-67 proliferation 

index is variable {3180}. 

Postulated normal counterpart 
A mature tissue histiocyte 

Genetic profile 
A subset of cases of histiocytic sarcoma 

have clonal IG rearrangements {680), 
particularly when there is an association 

with low-grade B-cell lymphoma, most 

likely constituting examples of transdif¬ 

ferentiation {1540,3294,4216). In cases 

associated with t(14i18)-positive follicular 

lymphoma, identical chromosomal break¬ 

points in the BCL2\ocus may be present in 

both neoplasms {1172}. In one study, 5 of 

8 cases were found to have SRAFV600E 

mutations {1386}, although another study 

found the mutation to be absent in 3 cas¬ 

es {1553}. The rare cases arising in medi¬ 

astinal germ cell tumour show isochromo¬ 

some 12p, identical to the genetic change 

in the germ cell tumour {2865}, 

Prognosis and predictive factors 
Histiocytic sarcoma is usually an ag¬ 

gressive neoplasm, with poor response 

to therapy, although some exceptions 

have been reported {1688). Most pa¬ 

tients (60-80%) die of progressive dis¬ 

ease, reflecting the high clinical stage at 

presentation (stage lll/IV) in the majority 

(70%) of patients {3180,4216}. Patients 

with clinically localized disease and small 

primary tumours have a more favourable 

long-term outcome {1688,3180}. 

Tumours derived from 
Langerhans cells 

Weiss L.M, 

Jaffe R, 

Facchetti F. 

Definition 
Tumours derived from Langerhans cells 

(LCs) are divided into two main sub¬ 

groups, according to the degree of cy- 

tological atypia and clinical aggressive¬ 

ness: LC histiocytosis and LC sarcoma. 

Both subgroups maintain the phenotypic 

profile and ultrastructural features of LCs, 

Rare cases can be difficult to assign to 

one category or the other; these cases 

require further clinicopathological stud¬ 

ies to clarify their nature. 

Langerhans cell histiocytosis 

Definition 
Langerhans cell histiocytosis (LCH) is a 

clonal neoplastic proliferation of Langer- 

hans-type cells that express CDIa, lan- 

gerin, and S100 protein and show Birbeck 

granules by ultrastructural examination. 

ICD-0 codes 
LCH, NOS 9751/1 

LCH, monostotic 9751/1 

B 
Fig. 17.05 Langerhans cell histiocytosis. 

A Radiograph from a patient with eosinophilic granu¬ 

loma of bone Illustrates a discrete punched-out lesion. 

B Gallium scan shows high uptake in lytic bone lesion. 

Fig. 17.06 Langerhans cell histiocytosis. Ultrastructure 

shows a typical Birbeck granule. 

LCH, polystotic 9751/1 i 

LCH, disseminated 9751/3 | 

i 
Synonyms j 
Langerhans cell granulomatosis; solitary j 

lesion: histiocytosis X, eosinophilic gran- 1 

uloma (obsolete); multiple lesions: Hand- { 

Schuller-Christian disease (obsolete); } 

cases with disseminated or visceral in¬ 

volvement: Letterer-Siwe disease (ob- , 

solete); Langerhans cell histiocytosis, i 

unifocal (9752/3) (obsolete); Langerhans j 

cell histiocytosis, multifocal (9753/3) (ob- j| 

solete); Langerhans cell histiocytosis, ji 

disseminated (9754/3) (obsolete) ' 

Epidemiology 
The annual incidence is about 5 cases ; 

per 1 million population, with most cases 

occurring in childhood. There is a male 

predilection, with a male-to-female ra- .!| 

tio of 3.7:1 {3180}. The disease is more j 

common in White populations of northern ! 

European descent and rare in Black pop- j 
ulations. Primary LCH of the lung is al¬ 

most always a disease of smokers {857}. 

Rare cases may be associated with foi- 

licular lymphoma {4302}. j 

Etiology 
An IL1 loop model has been proposed for i 

the pathogenesis, based on the finding 

of high levels of the tyrosine phosphatase j 

SHI in lesional tissues and increased lev¬ 

els of IL17A in peripheral blood and le¬ 

sional tissues, particularly in patients with 

multiorgan disease {2787}. 

Localization 
The disease can be localized to a single I 

site, can occur in multiple sites within a } 

single system (usually bone), or can be j 

more disseminated and multisystem 

{2668,4009}, The dominant sites of in¬ 

volvement in the solitary form are bone 

and adjacent soft tissue (skull, femur, ] 

vertebra, pelvic bones, and ribs) and, I 
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Fig. 17.07 Langerhans cell (LC) histiocytosis. A Numerous LCs are seen, with scattered eosinophils and small lymphocytes. B Note the typical cytological features of LCs, with 

many nuclei containing linear grooves. C Eosinophilic microabscess. 

less commonly, lymph node, skin, and 

’ lung. Multifocal lesions are largely con¬ 

fined to bone and adjacent soft tissue. In 

: multisystem disease, the skin, bone, liver, 

spleen, and bone marrow are the prefer¬ 

ential sites of involvement. The gonads 

. and kidney appear to be spared even in 

disseminated cases. 

; Clinical features 
Patients with unifocal disease are usu¬ 

ally older children or adults who most 

commonly present with a lytic bone le- 

I sion eroding the cortex. Solitary lesions 

at other sites present as mass lesions 

or enlarged lymph nodes. Patients with 

' unisystem multifocal disease are usually 

' young children who present with multiple 

or sequential destructive bone lesions, 

; often associated with adjacent soft tissue 

masses. Skull and mandibular involve¬ 

ment is common. Diabetes insipidus fol¬ 

lows cranial involvement. Patients with 

I multisystem involvement are infants who 

I present with fever, cytopenias, skin and 

i bone lesions, and hepatosplenomegaly 

j {142,2669}. Pulmonary disease in child¬ 

hood is clinically variable {2927}. 

I There is an association between LCH 

and T-lymphoblastic leukaemia, with 

the leukaemia-associated TR gene re¬ 

arrangement present in the LCH cells; 

this has been considered a transdifferen¬ 

tiation phenomenon {1173}. 

Microscopy 
The key feature is the LCH cells. These 

are oval; about 10-15 pm; and recog¬ 

nized by their grooved, folded, Indented, 

or lobed nuclei with fine chromatin, in¬ 

conspicuous nucleoli, and thin nuclear 

membranes. Nuclear atypia is minimal, 

but mitotic activity is variable and can 

be high without atypical forms. The cy¬ 

toplasm is moderately abundant and 

slightly eosinophilic. Unlike epidermal 

Langerhans cells or dermal perivascular 

cells, LCH cells are oval in shape and 

devoid of dendritic cell processes. The 

characteristic milieu includes a variable 

number of eosinophils, histiocytes (both 

multinucleated LCH forms and osteo- 

clast-type cells, especially in bone), neu¬ 

trophils, and small lymphocytes. Plasma 

cells are usually sparse. Occasionally, 

eosinophilic abscesses with central ne¬ 

crosis, rich in Charcot-Leyden crystals, 

may be found. In early lesions, LCH cells 

predominate, along with eosinophils and 

neutrophils. In late lesions, the LCH cells 

are decreased in number, with increased 

foamy macrophages and fibrosis. 

Involved lymph nodes have a sinus pat¬ 

tern with secondary infiltration of the 

paracortex. Spleen shows nodular red 

pulp involvement. Liver involvement has 

strong preference for intrahepatic biliary 

involvement with progressive sclerosing 

cholangitis. Bone marrow biopsy is pre¬ 

ferred to aspiration for documentation of 

bone marrow involvement (2670}. 

Large clusters or sheets of LCH cells ac¬ 

companied by eosinophils can be found 

within other lesions (lymphomas and 

sarcomas). It remains to be determined 

whether these constitute a local reac¬ 

tive phenomenon or a transdifferentiation 

process (752). 

Ultrastructure 
The ultrastructural hallmark is the cyto¬ 

plasmic Birbeck granules, whose pres¬ 

ence can be confirmed by langerin 

expression. The Birbeck granule has a 

tennis-racket shape, and is 200-400 nm 

long and 33 nm wide, with a zipper-like 

appearance. 

Fig. 17.08 Langerhans cell histiocytosis, at a later stage of evolution than the case illustrated in Fig 17.07. A This bony lesion shov/sagreaternumberof foamy macrophages and 

lymphocytes. B A greater number of foamy macrophages and lymphocytes are present, although nuclei with typical grooves are still discernible. 
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17.09 Langerhans cell histiocytosis. This lymph node biopsy shows extensive involvement of the sinuses (A) and paracortical regions (B). 

Immunophenotype 
LCH consistently expresses CD1a, 

langerin (also called CD207), and S100 

protein {714,2110}. Langerin and CDIa 

staining may be particularly useful in 

detecting bone marrow involvement 

(2017). In addition, the cells are positive 

for vimentin, CD68, and HLA-DR. CD45 

expression and lysozyme content is low. 

B-cell and T-cell lineage markers (except 

for CD4), CD30, and follicular dendritic 

cell markers are absent. The Ki-67 prolif¬ 

eration index is highly variable {3180). Ex¬ 

pression of PDL1 is seen in many cases 

{1308}, 

Postulated normal counterpart 
A mature Langerhans ceil 

Genetic profile 
LCH has been shown to be clonal 

by X-linked androgen receptor gene 

(HUMARA) assay, except in some 

adult pulmonary lesions {4330,4449, 

4451}. About 30% of cases have detect¬ 

able clonal IGH, IGK, or TR rearrange¬ 
ments, including some cases with both 

T-cell and B-cell gene rearrangements 

{681}. Approximately 50% of cases har¬ 

bour BRAF V600E mutation {215,489}, 

BRAF V600E mutation has also been 

identified in 28% of pulmonary cases, 

suggesting that at least many of these 

cases constitute a clonal proliferation 

{3381}. In addition, about 25% of cases 

are associated with somatic MAP2K1 
mutations, almost always occurring in 

S/T/AF germline cases {469,2852}. Other 

6/T/4F germline cases may have somatic 

AF/4F mutations {2851}. ' 

Genetic susceptibility 
Familial clustering has shown a high con¬ 

cordance rate for identical twins but not 

dizygotic twins, and no vertical inherit¬ 

ance {145}. Rare familial cases are re¬ 

ported {141,143). There is a suggestion 

that interferon gamma and IL4 polymor¬ 

phisms affect susceptibility to LCH and 

might be responsible for some of the clin¬ 

ical variation {893}. 

Prognosis and predictive factors 
The clinical course is related to staging 

of the disease at presentation, with >99% 

survival for unifocal disease and 66% 

mortality for young ohildren with multi¬ 

system involvement who do not respond 

promptly to therapy {1268,2668,4009}. 

Involvement of the bone marrow, liver, 

or lung is considered a high-risk factor 

{2668,4009}. Progression from initial fo¬ 

cal disease to multisystem involvement 

can occur, most commonly in infants. 

Patient age, per se, is a less important 

indicator than is extent of disease {2668, 

4009), BRAF V600E mutation does not 

seem to affect prognosis {2612}. System¬ 

ic and (rarely) multifocal disease can be 

complicated by haemophagocytic syn¬ 

drome {1166). 

Fig. 17.10 Langerhans cell histiocytosis. A Contrast the bland nuclear morphology with that of the sarcoma (see 

Figs. 17.11 and 17.12). B Staining is both nuclear and cytoplasmic with S100. C CDIa uniformly stains the cell 

surface, with a perinuclear dot. D Langerin staining is more granular and cytoplasmic. 
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Fig. 17.11 Langerhans cell (LC) sarcoma. A Nuclear pleomorphism is not a feature of LC histiocytosis (LCH), but 
should raise the possibility of malignancy. B S100 is widely represented, nuclear and cytoplasmic, but variable in 
intensity. C Lesional cells express surface CDIa more variable than in LCH. D Langerin is demonstrable, though not 
as much as in LCH in this example. 

Langerhans cell sarcoma 

Definition 
Langerhans cell (LC) sarcoma is a 
high-grade neoplasm with overtly ma¬ 
lignant cytological features and the LC 
phenotype. 

lCD-0 code 9756/3 

Epidemiology 
LC sarcoma is rare (327,401,3180), and 
almost all reported cases are in adults. 
The median patient age is 41 years 
(range: 10-72 years). Rare cases may 
be associated with follicular lymphoma 
(4302). 

Etiology 
Merkel cell polyomavirus sequences 
have been identified in a subset of cases 
(2786). 

Localization 
The skin and underlying soft tissue are 
the most common sites of involvement. 
Multiorgan involvement can affect the 
lymph nodes, lung, liver, spleen, and 
bone (401,1202,3180). 

Clinical features 
Most cases are extranodal (involving skin 
and bone) and multifocal; high-stage (III- 
IV) disease is seen in 44%. Only 22% of 
cases are primarily nodal. Hepatospieno- 
megaly is noted in 22% and pancytope¬ 
nia in 11%. 

Microscopy 
The most prominent feature is the overtly 
malignant cytology of a pleomorphic tu¬ 
mour, and only the phenotype and/or 
ultrastruoture reveal the LC derivation. 

Chromatin is clumped and nucleoli are 
conspicuous. Some cells may have the 
complex grooves of the LC histiocytosis 
cell, a key clue to the diagnosis. The mi¬ 
totic rate is high, usually >50 mitoses per 
10 high-power fields. Rare eosinophils 
may be admixed. 

Ultrastructure 
Birbeck granules are present, whereas 
desmosomes/junctional specializations 
are absent (3180). 

Immunophenotype 
The immunophenotype is identical to that 
of LC histiooytosis, although staining for 
individual markers can be focal. 

Postulated normal counterpart 
A mature Langerhans cell 

Genetic profile 
At least one case has been found to har¬ 
bour the BRAF\/600E mutation (678). 

Prognosis and predictive factors 
LC sarcoma is an aggressive, high-grade 
malignancy, with >50% mortality from 
progressive disease. 

Fig. 17.12 Langerhans ceil sarcoma. A Tonsillar lesion in a 31-year-oid man. The nuclear features and abundant cytoplasm point to a histiocytic lesion. Nuclear pleomorphism 
and atypical mitoses indicate high-grade disease. B The Ki-67 proliferation index is high. 
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Fig. 17.13 Indeterminate dendritic cell tumour. The lesion is positive for CD1a (A) and S100 protein (B). 

Indeterminate dendritic 
cell tumour 

Weiss L.M. 

Chan J.K.C. 

Fletcher C.D.M. 

Definition 
Indeterminate dendritic cell tumour, also 

known as indeterminate cell histiocytosis, 

is a neoplastic proliferation of spindled to 

ovoid cells with phenotypic features simi¬ 

lar to those of normal indeterminate cells, 

the alleged precursor cells of Langer- 

hans cells. These neoplasms are ex¬ 

traordinarily rare {104,360,412,651,2076, 

3407,3672,4160,4174,43 63,4374), There 

may be an association with low-grade 

B-cell lymphoma {4160). 

ICD-0 code 9757/3 

Localization 
Patients typically present with one or 

(more commonly) multiple generalized 

papules, nodules, or plaques on the skin. 

Less often, primary lymph node or splen¬ 

ic disease has been reported. 

Clinical features 
Systemic symptoms are usually 

not present. 

Microscopy 
The lesions are usually based in the 

dermis, but may extend into the subcu¬ 

taneous fat. The infiltrate is diffuse, con¬ 

sisting of cells resembling Langerhans 

cells, with irregular nuclear grooves and 

clefts. Cytoplasm is typically abundant 

and usually eosinophilic. Multinucleated 

giant cells may be present. In some cas¬ 

es, there may be spindling of the cells. 

The mitotic rate varies widely from case 

to case. An accompanying eosinophilic 

infiltrate is usually not present. 

Ultrastructure 
By definition, these cells lack Birbeck 

granules on ultrastructural examination. 

There can be complex interdigitating cell 

processes, but desmosomes are lacking. 

Immunophenotype 
The proliferating cells consistently ex¬ 

press S100 protein and CDIa. Langerin 

is negative. They are negative for spe¬ 

cific B-cell and T-cell markers, CD30, the 

histiocytic marker CD163, and the folli¬ 

cular dendritic cell markers CD21, CD23, 

and CD35. They are variably positive for 

CD45, CD68, lysozyme, and CD4. The 

Ki-67 proliferation index is highly variable. 

Cell of origin 
Normal indeterminate cells, the postul¬ 

ated precursors of Langerhans cells | 

Genetic profile 
One case has been shown to be clonal 

by human androgen receptor gene assay 

{4374). One case has been shown to har- ' 

hour S/TAFVBOOE mutation {2916). ! 
I 

Prognosis and predictive factors ^ 
The clinical course has been highly vari- : 

able, ranging from spontaneous regres- 

sion to rapid progression. There are no ' 

known prognostic factors. One case 

was associated with the development of j 

acute myeloid leukaemia {4174). 

Fig. 17.14 Indeterminate dendritic cell tumour. A This is a histiocytic-appearing neoplasm. A multinucleated cell can be seen. B Ultrastructure showing complex interdigitating 

processes, but no Birbeck granules. 
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Interdigitating dendritic 
ceii sarcoma 

Weiss L.M. 

Chan J.K.C. 

Definition 
Interdigitating dendritic cell (IDC) sarco¬ 

ma is a neoplastic proliferation of spindle 

to ovoid cells with phenotypic features 

similar to those of IDCs. 

ICD-0 code 9757/3 

Synonym 
Interdigitating dendritic cell tumour 

Epidemiology 
IDC sarcoma is an extremely rare neo¬ 

plasm, with most studies constituting sin¬ 

gle case reports or very small series {104, 

1179,2411,2659,2812,2813,3180,3431, 

4286}. The largest series to date have 

consisted of 4 oases (1269,3180,3186). 

The reported cases have occurred pre¬ 

dominantly in adults, although one pae¬ 

diatric series has been reported (3186). 

There is a slight male predominance. 

Occasional cases have been associated 

with low-grade B-cell lymphoma, and 

rare cases have been associated with 

T-cell lymphoma {1172,1269}. 

Localization 
The presentation can vary widely. Soli¬ 

tary lymph node involvement is most 

common, but extranodal presentations, 

in particular in the skin and soft tissue, 

have also been reported. 

Clinical features 
Patients usually present with an asymp¬ 

tomatic mass, although systemic symp¬ 

toms, such as fatigue, fever, and night 

sweats, have been reported. Rarely, 

there may be generalized lymphadeno- 

pathy, splenomegaly, or hepatomegaly. 

Microscopy 
The lesional tissue in lymph nodes is 

present in a paracortical distribution with 

residual follicles. The neoplastic prolifer¬ 

ation usually forms fascicles, a storiform 

pattern, and whorls of spindled to ovoid 

cells. Sheets of round cells are occasion¬ 

ally found. The cytoplasm of the neoplas¬ 

tic cells is usually abundant and slightly 

eosinophilic, and often has an indistinct 

border. The nuclei also appear spindled 

Fig. 17.15 Interdigitating dendritic cell sarcoma. The tumour is vaguely lobular in lymph node and firm in consistency. 

to ovoid, and may show indentations; 

occasional multinucleated cells may be 

seen. The chromatin is often vesicular, 

with small to large, distinct nucleoli. Cy- 

tological atypia varies from case to case, 

although the mitotic rate is usually low 

(<5 mitoses per 10 high-power fields). 

Necrosis is usually not present. There are 

often numerous admixed lymphocytes, 

and less commonly, plasma cells. The 

histological appearance is sometimes 

indistinguishable from that of a follicular 

dendritic cell sarcoma, and phenotyping 

is necessary for precise diagnosis. 

Ultrastructure 
The neoplastic cells show complex inter¬ 

digitating cell processes, but well-formed 

desmosomes are not present. Scattered 

lysosomes may be present, but Birbeck 

granules are not seen. 

Immunophenotype 
The neoplastic cells consistently express 

S100 protein and vimentin, with CDIa 

and langerin being negative. They are 

usually positive for fascin and (variably) 

weakly positive for CD68, lysozyme, 

and CD45. Strong nuclear staining for 

p53 may be present. They are negative 

for markers of follicular dendritic cells 

(CD21, CD23, and CD35), MPO, CD34, 

specific B-cell-associated and T-cell- 

associated antigens, CD30, EMA, and 

cytokeratins. The Ki-67 proliferation in¬ 

dex is usually 10-20% (median: 11%) 

{1179}. The admixed small lymphocytes 

are almost always of T-cell lineage, with 

near absence of B cells. 

Postulated normal counterpart 
Interdigitating dendritic cell (IDC) 

Fig. 17.16 Interdigitating dendritic cell sarcoma. A The tumour infiltrates the paracortex. Note the residual lymphoid 

tissue in one corner. B Sheets of spindled cells with a whorled pattern. C The cells show marked cytological 

atypia. D Staining for S100 protein is focally positive. 
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Fig. 17.17 Interdigitating dendritic ceil sarcoma. A Note the paracortical pattern of tumour growth in the iymph 

node. B There are scattered smail lymphocytes throughout the lesion. C The CD21 stain is negative on the tumour 

cells, but labels follicular dendritic cells in residual follicles. D In contrast, the stain for S100 protein is strongly 

positive in the tumour cells. 

Fig. 17.18 Interdigitating dendritic cell sarcoma. A The cells are rounded, and the nuclei are relatively bland, but (B) 

have a vesicular chromatin pattern and a single medium-sized nucleolus. 

Genetic profile 
A subset of cases of IDC sarcoma have 

clonal IG rearrangements, particularly 

when there Is an association with low- 

grade B-cell lymphoma, most likely 

constituting examples of transdifferen¬ 

tiation {680,1172). In cases associated 

with t(14;18)-positive follicular lympho¬ 

ma, identical chromosomal breakpoints 

affecting the BCL2 locus are present in 

both neoplasms {1172). The TR genes 

are in a germline configuration {4286}. 

At least one case has been shown to 

harbour somatic BRAF V600E mutation 

{2916). 

Prognosis and predictive factors 
The clinical course is generally aggres¬ 

sive, with about half of all patients dy¬ 

ing of the disease. Commonly affected 

visceral organs include the liver, spleen. 

kidney, and lung. Stage may be an im¬ 

portant prognostic factor; however, histo¬ 

logical features have not been correlated 

with clinical outcome. 

Follicular dendritic cell 
sarcoma 

Chan J.K.C. 

Pileri S.A. 

Fletcher C.D.M. 

Weiss L.M. 

Grogg K.L. 

Definition 
Follicular dendritic cell (FDC) sarcoma is 

a neoplastic proliferation of spindled to 

ovoid cells showing morphological and 

immunophenotypic features of FDCs. 

ICD-0 code 9758/3 

Synonyms 
Dendritic reticulum cell tumour (no longer I: 

recommended); follicular dendritic cell | 

tumour i 
j, 

Epidemiology ) 
FDC sarcoma is a rare neoplasm {104, ! 

645,2695,3135,3180,4286). There is a | 

wide patient age range, with an adult f 

predominance (median patient age: | 

50 years) (3180,3543). The sex distribu- i: 

tion is about equal (3180). j’ 

Etiology j 
A proportion of cases appear to arise in { 

the setting of hyaline-vascular Castleman | 

disease, sometimes with a recognizable j 

intermediary phase of FDC proliferation | 

outside the follicles (638,645). The Cas- ) 

tieman disease lesion may be found con- j 

current with the FDC sarcoma, or may -{ 

precede the latter by several years. | 
t 

Localization ( 
FDC sarcoma presents with lymph node ,1 
disease in 31% of cases, extranodai j 

disease in 58%, and both nodal and ex- j 
tranodal disease in 10% (3543), Nodal 

disease most often affects the cervical ] 

nodes. A wide variety of extranodai sites ,j 

can be affected, most commonly tonsil, ! 

gastrointestinal tract, soft tissue, medi- j 

astinum, retroperitoneum, omentum, and j 

lung (1670,3543). Common sites for me- j 

tastasis include lymph nodes, lung, and 

liver (737). j 

I 
Clinical features 
Patients most often present with a slow- | 

growing, painless mass lesion, although 

patients with abdominal disease may 

present with abdominal pain. The tu¬ 

mours are often large, with a mean size 

of 7 cm (3543). Most patients have local¬ 

ized disease at presentation (3543). Sys¬ 

temic symptoms are uncommon. Rare : 

patients have paraneoplastic pemphigus 

{2250,2536,4240}. 

Microscopy 
The neoplasm consists of spindled to 

ovoid cells forming fascicles, storiform 

arrays, whorls (sometimes reminiscent 

of the 360° pattern observed in meningi¬ 

oma), diffuse sheets, or vague nodules. 

The individual neoplastic cells generally 

show indistinct cell borders and a moder¬ 

ate amount of eosinophilic cytoplasm. The 
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Fig. 17.19 Follicular dendritic cell sarcoma. This mass 

occurred in the soft tissue and has the appearance of 

a sarcoma. 

nuclei are oval or elongated, with vesicu¬ 

lar or granular finely dispersed chromatin, 

small but distinct nucleoli, and a delicate 

nuclear membrane. The nuclei tend to 

be unevenly spaced, with areas showing 

clustering. Nuclear pseudoinclusions are 

common. Binucieated and multinucleated 

■ tumour cells are often seen. Although the 

cytological features are usually relatively 

bland, significant cytological atypia may 

be found in some cases. The mitotic rate 

is usually 0-10 mitoses per 10 high-pow¬ 

er fields, although the more pleomorphic 

cases can show much higher mitotic 

rates (>30 mitoses per 10 high-power 

fields), easily found atypical mitoses, and 

coagulative necrosis. 

; The tumour is typically lightly infiltrated 

by small lymphocytes, which can some- 

' times be aggregated around the blood 

vessels as well {642}. Less common 

morphological features include epithe¬ 

lioid tumour cells with hyaline cytoplasm, 

clear cells, oncocytic cells, myxoid 

stroma, fluid-filled cystic spaces, promi¬ 

nent fibrovascular septa, and admixed 

osteoclastic giant cells {642,645,3135, 

3136). Uncommonly, there is a nodular 

growth pattern, with the large neoplastic 

cells scattered in a background of small 

B lymphocytes {2390). Rare cases may 

also show jigsaw puzzle-like lobulation 

and perivascular spaces, mimicking thy¬ 

moma or carcinoma showing thymus-like 

element {737}, 

Ultrastructure 
The neoplastic cells have elongated 

nuclei, often with cytoplasmic invagina¬ 

tions. There are characteristically numer¬ 

ous long, slender cytoplasmic process¬ 

Fig, 17.20 Follicular dendritic cell sarcoma occurring in 

lymph node. The entire node is replaced by a spindle 

cell neoplasm. Perivascular cuffs of small lymphocytes 

are present. 

Fig. 17.21 Follicular dendritic cell sarcoma. Prototypical 

morphology. The plump spindly cells show indistinct cell 

borders, oval nuclei with vesicular chromatin, and distinct 

nucleoli. Focally, the nuclei appear clustered. There is a 

sprinkling of small lymphocytes throughout the tumour. 

es, often connected by scattered, mature 

desmosomes. Birbeck granules and nu¬ 

merous lysosomes are not seen. 

Immunophenotype 
FDC sarcoma is positive for one or more 

of the FDC markers, such as CD21, 

CD35, and CD23 {2862}. CXCL13 and 

podoplanin (D2-40) are commonly posi¬ 

tive, but are not entirely specific {4192, 

4450}. Clusterin is often strongly positive, 

whereas this marker is usually negative or 

only weakly positive in other dendritic cell 

tumours {1472,1473}. The tumour is usual¬ 

ly positive for desmoplakin, vimentin, fas- 

cin, EGFR, and HLA-DR {642,3833}, and 

variably positive for EMA, S100 protein, 

and CD68. Staining for cytokeratin, CDIa, 

lysozyme, MPO, CD34, CD3, CD79a, 

and HMB45 is negative. The Ki-67 pro¬ 

liferation index is 1-25% (mean: 13%). 

Positivity for the FDC secreted protein 

(FDCSP), serglycin (SRGN) and PD-L1 

has recently been reported in FDC sar¬ 

coma {2184A,2383A}. 

The admixed small lymphocytes can be 

predominantly B cells, predominantly 

Fig. 17.22 Follicular dendritic cell sarcoma. This exam¬ 

ple shows significant nuclear atypia and pleomorphism. 

T cells, or mixed B cells and T cells {645, 

3180}. Rarely, there are abundant im¬ 

mature TdT-F T cells {2020,2944}, which 

may be associated with paraneoplastic 

pemphigus. 

Postulated normal counterpart 
Follicular dendritic cell (FDC) of the lym¬ 

phoid follicle 

Genetic profile 
In one study, 3 of 8 cases of FDC sarco¬ 

ma showed clonal rearrangements of the 

IG genes {680}, and thus the presence 

of antigen receptor gene rearrangements 

does not exclude a diagnosis of FDC 

sarcoma. 

The limited cytogenetic data show com¬ 

plex karyotypes {3144}. A targeted next- 

generation sequencing study revealed 

recurrent loss-of-function alterations in tu¬ 

mour suppressor genes involved in neg¬ 

ative regulation of NF-kappaB and cell- 

cycle progression {1460}. BRAF V600E 

mutation, a common genetic alteration in 

Langerhans cell histiocytosis, is reported 

in 0-19% of cases {1386,1460}. 

Fig. 17.23 Follicular dendritic cell sarcoma. Positive 

cell membrane staining forCD21 with an anastomosing 

pattern. 
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Fig. 17.24 Follicular dendritic cell sarcoma. A Spindle cell proliferation. B A 360° whorl is seen. Note the occasional 

multinucleated cells. C In this example, the small lymphocytes are aggregated around the blood vessels. 

Two studies examining the transcriptional 

profile of FDC sarcoma have revealed: 1) 

a peculiar immunological microenviron¬ 

ment enriched in TFH and Treg popula¬ 

tions, with special reference to the inhibi¬ 

tory immune receptor PD1 and its ligands 

PD-L1 and PD-L2, and 2) the highly spe¬ 

cific expression of the genes encoding 

for FDCSP and SRGN {1460B,1460C}. 

Conventional FDC sarcomas are nega¬ 

tive for EBV, whereas the inflammatory 

pseudotumour-like variant consistently 

shows EBV in the neoplastic cells (697). 

Prognosis and predictive factors 
FDC sarcoma is usually treated by com¬ 

plete surgical excision, with or without 

adjuvant radiotherapy or chemotherapy. 

A pooled analysis of the literature showed 

local recurrence and distant metasta¬ 

sis rates of 28% and 27%, respectively 

{3543}, but the true figures are likely to 

be higher, because these adverse events 

are sometimes delayed many years. The 

2-year survival rates for early, locally ad¬ 

vanced, and distant metastatic diseases 

are 82%, 80%, and 42%, respectively 

(3543), Some patients may die from re¬ 

fractory paraneoplastic pemphigus. 

Large tumour size (>6 cm), coagulative { 

necrosis, high mitotic count (>5 mitoses j 

per 10 high-power fields), and significant i 

cytological atypia are associated with a I 
worse prognosis (645,3543). j 

I 

J 
Inflammatory pseudotumour-like 
follicular/fibroblastic dendritic 
cell sarcoma 

Inflammatory pseudotumour-like follicu- , 

lar/fibroblastic dendritic cell (FDC/FRC) j 

sarcoma occurs predominantly in young | 

to middle-aged adults, with a marked j 

female predilection {697}. It typically in- I 

volves the liver or spleen, but both sites 

may be simultaneously involved {134,697, 

3619}. Rarely, it selectively involves the 

gastrointestinal tract in the form of a poly- j 

poid lesion {3042}. Patients are asympto- ; 

matic or present with abdominal disten¬ 

sion or pain, sometimes accompanied by ■. 

systemic symptoms {683,697,733}, ' 

Fiistologically, the neoplastic spindled « 

cells are dispersed within a prominent j 

lymphoplasmacytic infiltrate. The nuclei .i 

usually show a vesicular chromatin pat- ' 

tern and small but distinct nucleoli. Nu¬ 

clear atypia is highly variable; usually i 

most cells are bland-looking, but some 

cells with enlarged, irregularly folded or 

hyperchromatic nuclei are almost always 

found. Some tumour cells may even re- j 

semble Reed-Sternberg cells {3619}, 

Necrosis and haemorrhage are often 

present, and may be associated with a 

histiocytic or granulomatous reaction. 

The blood vessels frequently show fibri¬ 

noid deposits in the walls. In occasional 

cases, the tumour may be masked by 

massive infiltrates of eosinophils or nu¬ 

merous epithelioid granulomas {2310}, 

The neoplastic cells are often positive for 

follicular dendritic cel! markers, such as 

CD21 and CD35, with the staining rang¬ 

ing from extensive to very focal. Flowev- 

er, in some cases, they may be negative 

for follicular dendritic cell markers but 

express SMA, raising the possibility of 

fibroblastic reticular cell differentiation. 

Still other cases are positive for all these 

markers or lack these markers {129,697, 

733,1399,2293}. Both FDC and FRC 

share a common mesenchymal origin, 

with plasticity in the immunophenotype. 

The neoplastic cells are consistently as¬ 

sociated with EBV {134,697}, which is 

present in a monoclonal episomai form 

{3619}.Outcome data are limited, but 
Fig. 17.25 Follicular dendritic cell sarcoma. This electron micrograph shows numerous cytoplasmic processes, with 
one well-formed desmosome present in the centre. 
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j Fig. 17.26 Splenic inflammatory pseudotumour-like 

i FDC/FRC sarcoma. Normal splenic tissue is seen in 

j right, the tumour in left field. 

Fig. 17.29 Splenic inflammatory pseudotumour-like 

' follicular dendritic cell sarcoma. Spindle cells with 

vesicular nuclei and distinct nucleoli are dispersed in 

I a background of chronic inflammatory cells. They show 

minimal to mild atypia. 

the tumour appears to be indolent, with 

a tendency to develop repeated intra¬ 

abdominal recurrences over many years 

I (683,697). 

^ Fibroblastic reticular cell 
tumour 

• Weiss L.M. 

Chan J.K.C. 

) Fletcher C.D.M. 

I Definition 
Fibroblastic reticular cell tumour is very 

rare. Tumours diagnosed as cytokeratin- 

positive interstitial reticulum cell tumours 

probably constitute the same entity (104, 

639). 

: ICD-0 code 9759/3 
i 
! 

I Synonyms 
! Cytokeratin-positive interstitial reticulum 

I cell tumour; fibroblastic dendritic cell 

tumour 

Fig. 17.27 Splenic inflammatory pseudotumour-like 

FDC/FRC sarcoma. The tumour shows an inflammatory 

pseudotumour pattern, with spindle cells admixed with 

many lymphocytes and plasma cells. 

' ■ ,■ \-v 

■o 

s 

* • ® A 4 • 

Fig. 17.30 Inflammatory pseudotumour-like follicular 

dendritic cell sarcoma. In situ hybridization for EBV- 

encoded small RNA (EBER) highlights the neoplastic 

spindle cells. Nuclear atypia in some neoplastic cells 

becomes easier to appreciate. 

Localization 
This tumour oan occur in the lymph 

nodes, spleen, or soft tissue (104,639, 

1415,1874). 

Microscopy 
The tumour is histologioally similar to 

follicular dendritic cell sarcoma or Inter- 

Fig. 17.32 Fibroblastic reticular cell tumour. 

This neoplasm features blunt spindle cells arranged in 

poorly formed whorls, with moderate cytological atypia. 

Stains for follicular and interdigitating dendritic ceiis were 

negative. 

Fig. 17.28 Splenic inflammatory pseudotumour-like 

FDC/FRC sarcoma. Usuaily, some large cells with defi¬ 

nite nuclear atypia can be found. 

Fig. 17.31 Inflammatory pseudotumour-like follicular 

dendritic cell sarcoma. The atypical spindle cells focally 

exhibit immunoreactivity for CD21. 

digitating dendritic cell sarcoma, but 

lacks the Immunophenotypic profile of 

these tumour types. There are often inter¬ 

spersed delioate collagen fibres. 

Ultrastructure 
Ultrastructurally, the spindle cells show 

delicate cytoplasmic extensions and fea¬ 

tures similar to those of myofibroblasts 

(i.e. filaments with occasional fusiform 

densities, well-developed desmosomal 

attachments, rough endoplasmic reticu¬ 

lum, and basal lamina-like material). 

Immunophenotype 
The tumour cells are variably immunore- 

active for SMA, desmin, cytokeratin (in a 

dendritic pattern), and CD68. 

Prognosis and predictive factors 
Available data regarding outcome are 

extremely limited. The clinical outcome 

is variable. Some patients die of the 

disease. 
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Disseminated juveniie 
xanthogranuioma 

Brousse N 

Pileri S.A. 

Haroche J 

Dagna L. 

Jaffa R. 

Fletcher C.D.M. 

Jaffe E.S, 

Harris N.L. 

Definition 
Disseminated juvenile xanthogranuioma 

(JXG) is characterized by a proliferation 

of histiocytes similar to those of the der¬ 

mal JXG, commonly having a foamy (xan¬ 

thomatous) component with Touton-type 

giant cells. There is evidence for clonal- 

ity in some instances. Erdheim-Chester 

disease is distinguished from JXG in the 

current classification of histiocytic neo¬ 

plasms {1101}. 

Synonyms 
Benign cephalic histiocytosis; progres¬ 

sive nodular histiocytosis; generalized 

(non-lipidaemic) eruptive histiocytosis 
(skin); xanthoma disseminatum (skin 

plus mucosa lesions); Erdheim-Chester 

disease (adult form with bone and lung 

involvement) 

Epidemiology 
Solitary dermal JXG is vastly more com¬ 

mon than other forms and does not pro¬ 

gress to more-disseminated forms {925}. 

Most deep, visceral, and disseminated 

forms occur by the age of 10 years, half 

within the first year of life {1836}. 

Etiology 
There is a known association with neu¬ 

rofibromatosis type 1; patients with both 

are at slightly higher risk of juvenile my- 

elomonocytic leukaemia {4508}. Patients 

with both Langerhans cell disease (i.e. 

Langerhans cell histiocytosis; LCH) and 

JXG are also enoountered. To date, no 

cases of JXG bearing mutations of BRAF 
or other genes involved in the MARK path¬ 

way have been described {634,1553}. 

Localization 
The skin and soft tissues are affected 

most commonly. Disseminated forms 

commonly affect the mucosal surfaces, 

in particular within the upper aerodiges- 

tive tract. When skin is involved, there 

seems to be a predilection for the head 

and neck region {925}, The CNS, dura, 

and pituitary stalk can be affected, as 

can eye, liver, lung, lymph node, and 

Fig. 17.33 Systemic juvenile xanthogranuioma involving liver. A The infiltrate is portal in nature but spares the bile j 
duct. Few Touton cells are present. B There is diffuse factor Xllla staining of the portal histiocytes. j 

bone marrow. Retroperitoneal and peri¬ 

aortic involvement Is principally noted 

in Erdheim-Chester disease {925,1256, 

1836}. 

Clinical features 
Skin lesions other than the common pap¬ 

ular solitary form are small (1-2 mm) and 

multiple. Soft tissue lesions can be large, 

and the lesions present as mass effect. 

Optic lesions can cause glaucoma. Like 

in LCH, CNS and pituitary lesions can 

cause diabetes insipidus, seizures, hy¬ 

drocephalus, and mental status chang¬ 

es {925,1256,1836}. Unlike in LCH, liver 

involvement does not target the biliary 

system or lead to sclerosing cholangitis 

{1826}. There is some capacity for le¬ 

sions to slowly regress. JXG appears 

to be benign, but a concomitant mac¬ 

rophage activation syndrome can lead 

to cytopenias, liver damage, and (in the 

systemic forms) death. 

Microscopy 
The JXG cell is small and oval, some¬ 

times slightly spindled with a bland round 

to oval nucleus without grooves and with 

pink cytoplasm. Touton cells are less 

common at non-dermal sites. The cells 

become progressively llpidized (xan¬ 

thomatous), A mixed inflammatory com¬ 

ponent Is invariable. Variants include epi¬ 

thelioid cells with glassy cytoplasm. The 

ultrastructural features are histiocytic, 

without distinguishing features {4465}, 

Immunophenotype 
In common with macrophages, cells 

express vimentin, surface CD14, CD68 

(PGM1) in a coarse granular pattern, 

CD163 in a surface and cytoplasmic 

pattern, and stabilin-1 (MS-1 antigen). ; 

Factor Xllla staining is common but not j 

universal. Fascin stains the cell cyto- ■: 
plasm and SI 00 is positive in <20% of j 

the cases. However, none of these mark¬ 

ers is specific for JXG. CDIaand langerin 1 
are negative {654,2104,3513,4465}. i 

i 

Cell of origin i 
The cell of origin is uncertain. Despite i 

their macrophage phenotype, the cells of i 
disseminated JXG have been postulated i 

(on the basis of shared faotor Xllla and \ 
fascin immunostaining) to originate from j 

a dermal/interstitial dendritic cell, but I 

these characteristics have limited spec- i 

Ificity {2104}. I 
j 

Genetic profile 
No consistent cytogenetic or molecular | 

genetic change has been identified, IG | 

and TR rearrangements are germline. ' 

There is evidence for clonality in some in- i 

stances {1835}. Unlike in Erdheim-Ches- j 

ter disease, there are no reported cases j 

of JXG bearing BRAF mutations {634, j 

1553}. ^ 
I 

Genetic susceptibility 
An association with neurofibromatosis . 

type 1 is known in some cases. 

Prognosis and predictive factors ■ 
All clinical forms are benign, although i 

multiple lesions in brain, dura, or pituitary j 

can cause local consequences and even | 

death. Systemic forms that involve liver j 

and bone marrow have been treated with 1 

LCH-type therapy. ! 
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I Definition 
I Erdheim-Chester disease (ECD) is a 

clonai systemic proliferation of histio¬ 

cytes, commonly having a foamy (xan- 

I thomatous) component, and containing 

Touton giant cells (considered to be a 

non-Langerhans cell histiocytosis). It 

was first described as lipoid granuloma¬ 

tosis in 1930 {693}. The name Erdheim- 

Chester disease was coined in 1972 to 

recognize the contribution to the dis¬ 

covery of the condition by Erdheim, who 

was Chester’s mentor {693}. Diagnosis of 

ECD is based on clinical features, imag¬ 

ing, and histology {693,1101}. 

ICD-0 code 9749/3 

Synonyms 
Lipogranulomatosis; lipoid granuloma¬ 

tosis; lipid (cholesterol) granulomatosis; 

polyostotic sclerosing histiocytosis 

Epidemiology 
ECD is a rare condition. To date, 

<1000 cases have been reported. The 

mean patient age at diagnosis is 55- 

60 years, but rare paediatric cases (i.e. in 

patients aged < 15 years) have also been 

reported. The male-to-female ratio is 3:1. 

Localization 
Virtually any organ or tissue can be in¬ 

filtrated by ECD. Skeletal involvement 

occurs in >95% of cases. Cardiovas¬ 

cular involvement probably occurs in 

at least half of all patients, but is likely 

underdiagnosed. One third of patients 

have retroperitoneal involvement. CNS 

involvement, diabetes insipidus, and/or 

exophthalmos occur in 20-30% of pa¬ 

tients. CNS involvement may occur due 

to tissue infiltration by histiocytes or de¬ 

generative alterations typically affecting 

the cerebellum, with involvement due 

to degenerative alterations being much 

more difficult to treat. Xanthelasma, gen¬ 

erally involving the eyelids or periorbital 

spaces, is the most common cutaneous 

manifestation. 

Fig. 17.34 Erdheim-Chester disease (ECD). A Radio¬ 

graph showing a lytic and sclerotic lesion in the distal 

femur and the proximal tibia. There is destruction of the 

anterior femoral cortex, with an impacted pathological 

fracture through the lesion and an anterolateral soft 

tissue mass extending from the destroyed femur (ar¬ 

row). Reprinted from Rosier RN and Rosenberg AE 

(3416A}. B Abdominal CT from a patient with ECD 

showing a soft tissue infiltrate surrounding the aorta 

and kidneys (white arrows). There is a sclerotic lesion 

in the vertebra (black arrow). Reprinted from Mills JA et 

al. {2665A}. 

Clinical features 
The clinical course of ECD depends on 

the extent and distribution of the dis¬ 

ease. Some cases, with lesions limited 

to the bone, are asymptomatic; others, 

with multisystemic disease, may follow 

an aggressive, rapid clinical course. In 

one third of patients, bone involvement 

may cause mild pain that starts at any 

time during the course of the disease 

and usuaily affects the distal limbs. Car¬ 

diovascular involvement may be asymp¬ 

tomatic and detected incidentally by MRI 

or CT. The most common cardiovascular 

alteration corresponds to circumferen¬ 

tial soft tissue sheathing of the thoracic 

and abdominai aorta and large arteries, 

infiltration of the right atrium or auricu- 

Fig. 17.35 Retroperitoneal Erdheim-Chester disease. 

The infiltrate is made up of foamy histiocytes and Touton 

cells admixed with scattered small lymphocytes in a fi¬ 
brous tissue. 

loventricular groove and diffuse pleural 

thickening. The clinical consequences 

are usually not severe, except for reno¬ 

vascular hypertension in a small number 

of cases, which may require stenting. 

Pericardial involvement can cause peri¬ 

carditis, effusion, or even tamponade. 

Orbital infiltration, often bilateral, produc¬ 

es exophthalmos, pain, oculomotor nerve 

palsies, or blindness. Xanthelasmata of 

the eyelids or periorbital tissue are further 

ocular manifestations. Pituitary gland in¬ 

filtration causes diabetes insipidus and 

(less frequently) hyperprolactinaemia, 

gonadotropin insufficiency, and hypotes- 

tosteronism. CNS involvement produces 

variable symptoms (cerebellar and py¬ 

ramidal syndromes, seizures, headache, 

neuropsychiatric symptoms, cognitive 

impairment, sensory disturbances, and 

cranial nerve paralysis). The most seri¬ 

ous neurological complication is neuro- 

degenerative cerebellar disease, which 

is present in 15-20% of patients with 

ECD. In particular, CNS involvement is a 

major prognostic factor in ECD, constitut¬ 

ing an independent predictor of death at 

survival analysis. 

Imaging 
Characteristic features on imaging stud¬ 

ies are bilateral and symmetrical corti¬ 

cal osteosclerosis of the diaphyseal and 

metaphyseal parts of the long bones on 

X-ray and/or symmetrical and abnormal¬ 

ly intense labelling of the distal ends of 

the long bones of the legs (and in some 

cases, arms) on 99Tc bone scintigraphy. 

These findings are highly suggestive of 

ECD. Cccasionally, osteolytic lesions are 

also seen. PET/CT has a high specificity 

for the diagnosis of bone involvement by 

ECD. Cardiovascular involvement mani¬ 

fests as circumferential sheathing of the 

thoracic or abdominal aorta (so-called 

Jaffe R. 

Fletcher C.D.M. 

Jaffe E.S. 

Elarris N.L. 
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Fig. 17.36 Erdheim-Chester disease. The histiocytic 

infiltrate shows strong positivity for CD163. 

coated aorta) and large arteries, pericar¬ 

dial effusion (sometimes leading to tam¬ 

ponade), infiltration of the right atrium or 

auriculoventricular groove, and diffuse 

pleural thickening. Retroperitoneal in¬ 

volvement may be prominent around the 

renal capsule (producing the character¬ 

istic so-called hairy kidney appearance) 

and ureters. 

Microscopy 
There is tissue infiltration by histiocytes, 

generally with single small nuclei and 

foamy (xanthomatous) cytoplasm. Other 

histiocytes, with compact eosinophilic 

cytoplasm, may also be present. A few 

multinucleated histiocytes with a central 

ring of nuclei (Teuton cells) are frequent¬ 

ly observed. Fibrosis is present in most 

cases and is sometimes abundant. Re¬ 

active small lymphocytes, plasma cells, 

and neutrophils are also frequently pres¬ 

ent. The infiltrate may easily be misdiag¬ 

nosed as a reactive process. 

Immunophenotype 
ECD histiocytes express three mol¬ 

ecules common to macrophages: CD14 

(a monocyte or macrophage receptor 

that binds lipopolysaccharide), CD68 

(a largely lysosomal macrosialin), and 

CD163 (a haemoglobin- and hapto¬ 

globin-scavenging receptor). In addition, 

the cells express factor XII la (a tissue 

transglutaminase) and fascin (an actin- 

bundling protein), both of which are typi¬ 

cal of infersfifial and interdigitating den¬ 

dritic cells. The abnormal histiocytes lack 

Fig. 17.37 Erdheim-Chester disease, cerebellar brain 

iesion. The atypicai histiocytes have abundant foamy 

cytoplasm, resembling xanthoma cells. 

S100, CDIa, and langerin, which are all 

markers of Langerhans cells. However, 

cases focally positive for SI00 have been 

reported {1101}. The characteristic immu¬ 

nophenotype is shared by all members 

of the xanthogranuloma family of histio¬ 

cytoses. As many as 20% of patients with 

ECD also have Langerhans cell histiocy¬ 

tosis lesions, and infiltration by ECD and 

Langerhans cell histiocytosis may be 

present within the same biopsies {1101}. 

Cases of ECD with mutated BRAF are 

positive by immunohistochemistry with 

the VE1 monoclonal antibody to mutated 

BRAF protein {1101}. 

Cell of origin 
The postulated cell of origin is an inter¬ 

stitial dendritic cell, but this is the subject 

of some debate. 

Genetic profile 
In several cases, clonality has been 

identified by classic cytogenetics and 

other techniques. Activating mutations 

in MARK pathway genes, most notably 

BRAF MdOOE (reported in >50% of cas¬ 

es), as well as NRAS mutation (recorded 

in ~4% of cases), can be detected in 

ECD {71,1553}. Recurrent mutations in 

the PI3KCA pathway gene have also 

been described (in -11% of cases) {71}. 

Molecular tests and differential 
diagnosis 
Some cases of ECD may have dominant 

cutaneous manifestations, without other 

organ involvement, making the differen- 

Fig. 17.38 Erdheim-Chester disease, cerebellar brain 

lesion. Histiocytes are positive for CD68 but negative 

for SI 00 (not shown). 

tial diagnosis with juvenile xanthogranu¬ 

loma and some nonspecific inflammatory 

lesions ohallenging {71). Molecular analy¬ 

sis of such cases may be useful, because 

characteristic genetic aberrations favour 

the diagnosis of ECD {1101}. Immunohis¬ 

tochemistry may be a useful diagnostic 

tool for the detection of mutated BRAF, in 

lieu of genetic studies. 

Prognosis and predictive factors 
ECD is a chronic disease. The disease 

outcome correlates with sites of in¬ 

volvement; patients with CNS disease 

or multisystemic disease have a worse 

outcome {149A,974A}. Disease activ¬ 

ity is assessed by clinical examination, 

imaging, and C-reactive protein values, 

but no disease activity score has been 

established. PET scans are very useful 

for assessments of ECD activity {149C}. 

Histology is not predictive of evolution. 

ECD may respond to therapy with inter¬ 

feron alpha, but many cases are refrac¬ 

tory, especially those with CNS and car¬ 

diovascular involvement {544A,1552A}. 

Vemurafenib, an inhibitor of BRAF that 

is approved for treating patients with 

metastatic melanoma and BRAF V600 

mutations, has recently been used, with 

promising results {544A,1552A,1553A}. 

The reported 5-year overall survival rate 

of patients treated with interferon therapy 

is 68% {149B). Older series, perhaps with 

less-effective therapy, reported 43% of 

patients alive after an average follow-up 

of 32 months {4192A}. 
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Numbers 
5q minus syndrome 115 

A 
Activated B-cell subtype (ABC 

subtype) 291,293-297 

Achromobacter xylosoxidans 198 

Acute basophilic leukaemia 164 

Acute erythraemia 161 

Acute erythraemic myelosis 161 

Acute erythroid leukaemia 24, 27, 114, 156, 

161 

Acute granulocytic leukaemia 156 
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233, 234, 236, 463 

Lymphoproliferative diseases associated with 

primary immune disorders (PID) 444 

LyP See Lymphomatoid papulosis 

M 
M2, NOS 158 

M4 86, 159 

M5 86, 160 

Maculopapular cutaneous mastocytosis 62, 

65 

MAFB 247, 248 

Malignant angioendotheliomatosis 317 

Malignant histiocytosis 467 

Malignant histiocytosis of the intestine 372 

Malignant lymphoma, centrocytic 285 

Malignant lymphoma, lymphocytic, 

intermediate differentiation, diffuse 285 

Malignant lymphoma, 

lymphoplasmacytoid 232 

Malignant lymphoma, small non-cleaved, 

Burkitt type 330 

Malignant lymphomatous polyposis 285 

Malignant mast cell tumour 69 

Malignant mastocytoma 69 

Malignant midline reticulosis 368 

Malignant myelosclerosis 165 

Malignant reticulosis 368 

Malignant reticulosis, NOS 368 

MALT1 194, 225, 234, 240, 262, 272, 302, 

303, 451 

MALT lymphoma 259 

Mantle cell lymphoma 285-289 

Mantle zone lymphoma 285 

MAP2K1 mutations 228, 231, 279, 472 

MAP3K14 430 

Marginal zone lymphoma (MZL) 251,263 

Mast cell activation syndrome 63 

Mast cell leukaemia 10, 62, 68, 69 

Mast cell sarcoma (MCS) 62, 69, 530, 536 

Mastocytosis 22, 62 

Mature T follicular helper (TFH) cells 408 

MBL 220, 221 

MCAS See Mast cell activation syndrome 

MCCHL 424, 425, 429, 440 

MOD 325-329 

MCS See Mast ceil sarcoma 

MDS/AML 122-128 

MDS-EB 100,101,104,113,114 

MDS-MLD 101,107,108,111-113 

MDS/MPN-RS-T 93, 95 

MDS/MPN-U 95, 96 

MDS-RS 93,94,101,106-113 

MDS-SLD 101,106-109 

MDS-U 101,116 

MECOM 36, 136-138, 149 

Mediastinal diffuse large cell lymphoma with 

sclerosis 314 

Mediastinal grey-zone lymphoma 

(MGZL) 342 

Mediterranean lymphoma 240 

Medullary plasmacytoma 243 

MEF2B 271,295 

Megakaryocytic leukaemia 162 

Megakaryocytic lineage 50,169-171 

Megakaryocytic myelosclerosis 44 

Methotrexate 302, 307, 350, 447, 452, 463, 

464 

MGUS See IgM monoclonal gammopathy of 

undetermined significance 

MGZL See Mediastinal grey-zone lymphoma 

Mixed cellularity classic Hodgkin lymphoma 

(MCCHL) 424, 425, 429, 435, 437, 439- 

441 

Mixed myeloproliferative/myelodysplastic 

syndrome, unclassifiable 95 

Mixed-phenotype acute leukaemia 20, 77, 

78, 140, 157, 168, 180, 181, 183-187, 211, 

212 

Mixed-phenotype acute leukaemia (MPAL) 

witht(v;11q23.3) 183 

Mixed-phenotype acute leukaemia, NCS, 

rare types 186 

Mixed-phenotype acute leukaemias with gene 

rearrangements 179 

Mixed-phenotype acute leukaemia, 

B/myeloid, NCS 184 

Mixed-phenotype acute leukaemia, 

T/myeloid, NCS 185 

Mixed-phenotype acute leukaemia with MLL 

rearrangement 183 

Mixed-phenotype acute leukaemia with 

t(9;22)(q34.1;q11,2); BCR-ABL1 182 

Mixed-phenotype acute leukaemia with 

t(v;11q23.3); KMT2A-rearranged 183 

MLH1 177 

MLL rearranged 183 

MLLT1 137,204,211 

Subject index 581 



Monoblastic leukaemia, NOS 160 

Monoclonal B-cell lymphocytosis 

(MBL) 220 

Monoclonal gammopathy, NOS 241 

Monoclonal gammopathy of undetermined 

significance 37, 38, 233, 236, 241,242, 

244, 248, 249, 255, 256, 258 

Monoclonal immunoglobulin (Ig) deposition 

diseases 254 

Monoclonal light chain and heavy chain 

deposition diseases 255 

Monoclonally rearranged TR genes 357, 

359 

Monoclonal rearrangement of the TR 

genes 360 

Monocytoid B-cell lymphoma 263 

MonoMAC syndrome 126 

Monomorphic B-cell PTLD 459, 460 

Monomorphic epitheliotropic intestinal T-cell 

lymphoma (MEITL) 372, 377, 378 

Monomorphic post-transplant 

lymphoproliferative disorders 

(M-PTLD) 459 

Monomorphic T/NK-cell PTLD (T/NK- 

PTLD) 461 

Mononuclear phagocytes 466 

MPAL 180-186 

MPLSY591N 49,53 

MPL W515L mutation 115 

MPN-U 57-59, 95, 96 

M-PTLD 455,457, 459 

MTCP1 347 

Mucosa-associated lymphoid tissue 

(MALT) 192,259 

Mu heavy chain disease 237, 238 

Multicentric Castleman disease (MCD) 325 

Multiple myeloma 243 

MYBBP1A 234 

MYB-GATA1 165 

MYC (8q24) rearrangement 335, 339, 340 

Mycosis fungoides 384, 385, 386, 388 

MYD88 L265P 196, 232, 234-236, 239, 262, 

264, 294, 302-304 

Myelodysplastic/myeloproliferative neoplasm 

(MDS/MPN) 23, 93, 95 

Myelodysplastic/myeloproliferative neoplasm 

(MDS/MPN) with ring sideroblasts and 

thrombocytosis (MDS/MPN-RS-T) 93 

Myelodysplastic/myeloproliferative neoplasm, 

unclassifiable (MDS/MPN-U) 95 

Myelodysplastic/myeloproliferative 

neoplasm with ring sideroblasts and 

thrombocytosis 93 

Myelodysplastic syndrome (MDS) 23, 24, 

98, 106, 116, 122, 151, 109, 111, 113, 

115,116 

Myelodysplastic syndrome (MDS), 

unclassifiable (MDS-U) 116 

Myelodysplastic syndrome (MDS) with 

excess blasts (MDS-EB) 100, 113, 114 

Myelodysplastic syndrome (MDS) with 

multilineage dysplasia (MDS-MLD) 111 

Myelodysplastic syndrome (MDS) with ring 

sideroblasts (MDS-RS) 109 

Myelodysplastic syndrome (MDS) with single 

lineage dysplasia (MDS-SLD) 106, 107, 

108 

Myelodysplastic syndrome with 5q 

deletion 115 

Myelodysplastic syndrome with excess 

blasts and erythroid predominance 114 

Myelodysplastic syndrome with excess 

blasts and fibrosis 114 

Myelodysplastic syndrome with 

fibrosis 103, 105 

Myelodysplastic syndrome with isolated 

del(5q) 115 
Myelodysplastic syndrome with ring 

sideroblasts 109 

Myelofibrosis/sclerosis with myeloid 

metaplasia 44 

Myelofibrosis with myeloid metaplasia 44, 

45, 49 

Myeloid and lymphoid neoplasms with 

PDGFRA rearrangement 73 

Myeloid leukaemia associated with Down 

syndrome 169, 170 

Myeloid/lymphoid neoplasms with FGFR1 

rearrangement 77, 210 

Myeloid/lymphoid neoplasms with PCM1- 

JAK2 78, 79 

Myeloid/lymphoid neoplasms with PDGFRA 

rearrangement 73 

Myeloid/lymphoid neoplasms with PDGFRB 

rearrangement 75 

Myeloid neoplasms with germline ANKRD26 

mutation 125 

Myeloid neoplasms with germline DDX41 

mutation 125 

Myeloid neoplasms with germline ETV6 

mutation 126 

Myeloid neoplasms with germline GATA2 

mutation 123, 126 

Myeloid neoplasms with germline 

predisposition and pre-existing platelet 

disorders 123, 125 

Myeloid neoplasms with germline RUNXI 

mutation 125 

Myeloid neoplasms with PDGFRB 

rearrangement 76 

Myeloid sarcoma 25, 27, 49, 77, 78, 90, 

130, 136, 140, 143, 154, 167, 168 

Myelomatosis 243 

Myeloproliferative neoplasm (MPN) 30, 39, 

44, 50, 54, 57, 75, 82, 95, 117, 167 

Myeloproliferative neoplasm, unclassifiable 

(MPN-U) 57, 58, 63, 86, 95, 96 

MY018A-FGFR1 78 

MY018A-PDGFRB 77 

N 
NDE1-PDGFRB 77 

NF1 20,23,89-92,125,138 

Nijmegen breakage syndrome (NBS) 444 

NIN-PDGFRB 77 

NK-cell large granular lymphocyte 

lymphocytosis 351 

NK-lymphoblastic 

leukaemia/lymphoma 213 

NLPHL See Nodular lymphocyte 

predominant Hodgkin lymphoma 

NMZL 263-265 

Nodal marginal zone lymphoma 

(NMZL) 263 

Nodal peripheral T-cell lymphoma with TFH 

phenotype 403 

Nodal peripheral T-cell lymphoma with T 

follicular helper phenotype 412 

Nodular lymphocyte predominant Hodgkin 

lymphoma (NLPHL) 424, 431,432-434 

Nodular sclerosis classic Hodgkin lymphoma 

(NSCHL) 197,315,343,424-426,435, 

439,440, 452 

Nodular sclerosis, grade 1 435 

Non-destructive post-transplant 

lymphoproliferative disorders 456 

Non-IgM monoclonal gammopathy of 

undetermined significance 241 

Noonan syndrome 89, 90, 92, 123 

Non-secretory myeloma 250 

NOTCH1 184, 212, 217-221, 230, 288, 376 

NOTCH2 225 

NPM1-ALK fusion 319,415-417 

NPM1-TYK2 gene fusion 396 

NSCHL 424, 425, 429, 435-437, 440 

NUP98-KDM5A 131 

NUP98-NSD1 131 

o 
OCT2 308, 315, 343, 426-428, 432-434, 

439, 442 

Oedematous, scarring vasculitic 

panniculitis 361 

Osseous plasmacytoma 251 

Osteosclerotic myeloma 257 

Other iatrogenic immunodeficiency- 

associated lymphoproliferative 

disorders 457, 462 

Overlap syndrome, unclassifiable 95 

Overt primary myelofibrosis 48 

Owl’s eye appearance 425, 426 

P 
Paediatric nodal marginal zone lymphoma 

(NMZL) 264, 265 

Paediatric-type follicular lymphoma 

(PTFL) 278,279 
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1 Pagetoid reticulosis 388, 389 

; Parafollicular B-cell lymphoma 263 

^ Paroxysmal nocturnal haemoglobinuria 120 

' Pautrier microabscess 386, 388, 389 

PCFCL See Primary cutaneous follicle 

; centre lymphoma 

' PCGD-TCL See Primary cutaneous gamma 

delta T-cell lymphoma 

i PCLBCL 303, 304 

PDE4DIP-PDGFRB 77 

PDL1 295-297, 305, 306, 315, 316, 344, 

429, 472 

! PDL2 295,296,305,306,315,316,344, 

429 

Peau chagrine 63, 65 

' Peau d'orange 65 

PEL 323-325, 327, 328, 449, 452 

■ Peripheral T-cell lymphoma (PTCL) 403 

Philadelphia chromosome-negative (Phi-) 

atypical chronic myeloid leukaemia 87 

PICALM-MLLT10 211 

PiDs 444-448 

PIK-AKT pathway 417 

Plasmablastic lymphoma (PBL) 198, 253, 

291, 293, 304, 306,321 449, 451,452, 459 

Plasma cell leukaemia 241,250 

Plasma cell myeloma 192,241,243, 

244-247, 249, 250, 453 

Plasma cell neoplasms 241,256 

Plasma cell tumour 251 

Plasmacytic hyperplasia 453, 454, 457 

Plasmacytoma 241,250,252,453,456 

:i Plasmacytoma of bone 241, 250, 251 

'■ Plasmodium falciparum 330 

PLCG1 367,391,410 

' PMBL See Primary mediastinal (thymic) 

large B-cell lymphoma 

PMF 22, 42, 44-53 

' PMLBCL See Primary mediastinal large 

B-cell lymphoma 

■ PML-RARA 134 

PML-RARA fusion gene 135 

'■ PML/RAR-alpha 134 

POEMS syndrome 241,256-258 

' Polycythaemia vera 39-41 

; Polymorphic/lymphoplasmacytic 

i infiltrates 463 

j Polymorphic post-transplant 

I lymphoproliferative disorders 

I (P-PTLD) 457 

Polymorphic reticulosis 368 

Polyostotic sclerosing histiocytosis 481 

Post-transplant lymphoproliferative disorders 

(PTLD) 453 

j P-PTLD See Polymorphic post-transplant 

! lymphoproliferative disorders 

j PRDM1 280,295,302,319,322,371,421, 

I 427, 451 

' Pre-B lymphoblastic leukaemia; pre-pre-B 

lymphoblastic leukaemia 200 

Precursor B-cell lymphoblastic leukaemia, 

NOS 200 

Precursor B-cell lymphoblastic 

lymphoma 200 

Precursor T-lymphoblastic 

leukaemia/lymphoma 209 

Preleukaemia 116 

Preleukaemic syndrome 116 

Primary amyloidosis 241,254 

Primary CNS lymphoma 292, 300 

Primary cutaneous acral CD8+ T-cell 

lymphoma 400, 401 

Primary cutaneous anaplastic large cell 

lymphoma (C-ALCL) 392, 395, 396, 467 

Primary cutaneous CD4-i- small/medium T-cell 

lymphoma 402 

Primary cutaneous CD4+ small/medium T-cell 

lymphoproliferative disorder 401,402 

Primary cutaneous CD8-i- aggressive 

epidermotropic cytotoxic T-cell 

lymphoma 399 

Primary cutaneous CD30-I- large T-cell 

lymphoma 395 

Primary cutaneous CD30-t- lymphoproliferative 

disorders 392 

Primary cutaneous CD30-t- T-cell 

lymphoproliferative disorder 392 

Primary cutaneous diffuse large B-cell 

lymphoma 291,303,304 

Primary cutaneous diffuse large B-cell 

lymphoma (PCLBCL), leg type 303 

Primary cutaneous follicle center 

lymphoma 282-284 

Primary cutaneous gamma delta T-cell 

lymphoma (PCGD-TCL) 397-399 

Primary diffuse large B-cell lymphoma 291, 

300, 301 

Primary EBV-positive nodal T-cell or NK-cell 

lymphomas 368, 405 

Primary effusion lymphoma (PEL) 291, 

323-325, 327, 449 

Primary intestinal follicular lymphoma 276 

Primary intraocular lymphoma 300 

Primary mediastinal clear cell lymphoma of 

B-cell type 314 

Primary mediastinal large B-cell lymphoma 

(PMLBCL) 196 

Primary mediastinal (thymic) large B-cell 

lymphoma (PMBL) 291,314 

Primary myelofibrosis (PMF) 44-49 

Primary myelofibrosis, overt fibrotic stage 44 

Primary myelofibrosis, prefibrotic/early 

stage 44 

Prefibrotic/early primary myelofibrosis 46 

PRKG2-PDGFRB 77 

Progressive nodular histiocytosis 480 

Proliferative polycythaemia 39 

Prolymphocytic leukaemia 222, 346 

Prolymphocytic variant of hairy cell 

leukaemia 229, 231 

Pseudo-Chediak-Higashi granules 113 

Pseudo-Pelger-Huet nuclei 96, 112, 113, 

118,130 

PTCL See Peripheral T-cell lymphoma 

PTFL See Paediatric-type follicular 

lymphoma 

PTLD See Post-transplant 

lymphoproliferative disorders 

PTPN11 20, 23, 89-92, 138, 155 

Pure erythroid leukaemia 161, 162 

Pyothorax-associated lymphoma 309, 310 

R 
RABEP1-PDGFRB 77 

RAF1 92 

Rai and Binet clinical staging systems 219 

RALD See RAS-associated autoimmune 

leukoproliferative disorder 

RANBP2-FGFR1 78 

Randall disease 256 

RAS-associated autoimmune 

leukoproliferative disorder (RALD) 92 

RAS-ERK pathway 417 

RBM15-MKL1 131,139 

RCC 117-120 

Refractory anaemia 23, 24, 93, 106, 107, 

110, 117, 150, 152 

Refractory anaemia with excess blasts 113 

Refractory anaemia with ring 

sideroblasts associated with marked 

thrombocytosis 93 

Refractory cytopenia of childhood 

(RCC) 117-119 

Refractory cytopenia with multilineage 

dysplasia 109,110,111 

Refractory cytopenia with unilineage 

dysplasia 106, 107 

Refractory neutropenia 106,107 

Refractory thrombocytopenia 106, 107 

Regressing atypical histiocytosis 395, 467 

Reticulohistiocytoma of the dorsum 282 

Rheumatoid arthritis 238, 381, 462-464 

RUNX1-RUNX1T1 24, 117, 125, 130, 132, 

202 

RUNX1T1 (ETO) 132 

s 
SART3-PDGFRB 77 

SDRPL 229, 230 

Seckel syndrome 120 

Senile EBV-associated B-cell 

lymphoproliferative disorder 304 

Seroma-associated anaplastic large cell 

lymphoma 421 

SETD2 372, 378, 382 

Severe CAEBV 355, 357, 359 

Severe combined immunodeficiency 

(SCID) 444 

Severe congenital neutropenia 127 

Severe mosquito bite allergy 362, 363 
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Sezary disease 390 

Sezary syndrome (SS) 365-387, 390, 391, 

461 

SF3B1 mutation 93, 94, 96, 101, 104, 

106-113, 115 

SH2B3 91,171 

Shwaohman-Diamond syndrome 99, 119, 

120, 124, 127, 128 

SLL 191,194,195,216-220,463 

Smouldering (asymptomatic) plasma cell 

myeloma 249 

Smouldering systemic mastocytosis 66, 67, 

69 

SMZL 195,223-225,229,230 

Solitary mastocytoma of skin 65 

Solitary myeloma 251 

Solitary plasmacytoma of bone (SPB) 250 

SOS1 91,92 

SPB 250,251,253 

SPECC1-PDGFRB 77 

Splenic B-cell lymphoma/leukaemia, 

unclassifiable 229 

Splenic B-cell marginal zone lymphoma 223 

Splenic diffuse red pulp small B-cell 

lymphoma (SDRPL) 229 

Splenic lymphoma with circulating villous 

lymphocytes 223 

Splenic lymphoma with villous 

lymphocytes 223, 229 

Splenic marginal zone lymphoma 

(SMZL) 223, 224, 225, 229 

Splenic marginal zone lymphoma, 

diffuse variant 229 

Splenic red pulp lymphoma with numerous 

basophilic villous lymphocytes 229 

SPTBN1-PDGFRB 77 

SPTCL See Subcutaneous panniculitis-like 

T-cell lymphoma 

SRSF2 26, 44, 45, 54, 58, 68, 69, 82, 86, 

104, 105, 110, 113, 114, 145 

SS See Sezary syndrome 

SSBP2-PDGFRB 75 

STAG2 26,104,105,113,145 

STAT3SH2 351,352 

STAT5B 135, 136, 195, 347-350, 371,372, 

378, 382, 399 

Stem cell acute leukaemia 182 

Stem cell leukaemia 77, 182 

Subcutaneous panniculitis-like T-cell 

lymphoma (SPTCL) 383, 384, 461,467 

Systemic EBV-positive T-cell lymphoma of 

childhood 355-357 

Systemic light chain disease 254 

Systemic mastocytosis with an associated 

haematological neoplasm (AHN) 62, 66, 

68 

T 
T acute lymphoblastic leukaemia 209 

T-ALL/LBL See T-lymphoblastic leukaemia/ 

lymphoma 

TAM 169-171 

TBL1XR1 295,296,421 

T-cell and NK-cell lymphomas 193, 197, 

198, 361 

T-cell/histiocyte-rich large B-cell lymphoma 

(THRLBCL) 291,292, 298, 299, 305, 306, 

403, 426, 431,433, 446, 447, 457 

T-cell large granular lymphocytic leukaemia 

(T-LGLL) 107, 348, 349, 352, 382, 461 

T-ceil large granular lymphocytosis 348 

T-cell leukaemia 194, 196, 210, 211,346, 

347, 363-367, 403, 461 

T-cell lymphoproliferative disease of granular 

lymphocytes 348 

T-cell prolymphocytic leukaemia 

(T-PLL) 210,346,347,445,447,448 

T-cell-rich B-cell lymphoma 298 

T-cell-rich/histiocyte-rich large B-cell 

lymphoma 298 

T-cell-rich large B-cell lymphoma 298 

T cells with cerebriform nuclei (Sezary 

cells) 390 

TCF3 202,207,211,333,340 

TCF3-HLF 202 

TCF3-PBX1 207 

TCL1A/B 347 

TEMPI syndrome 241,257, 258 

Testicular follicular lymphoma 268 

TERC 277 

T-gamma lymphoproliferative disease 348 

The category of myelodysplastic syndrome 

(MDS) 106,116 

Therapy-related acute myeloid leukaemia, 

alkylating agent-related 153 

Therapy-related acute myeloid leukaemia, 

epipodophyllotoxin-related 153 

Therapy-related acute myeloid leukaemia, 

NOS 153 

Therapy-related myeloid neoplasms 27, 82, 

87, 93, 95, 99, 130, 153 

THRLBCL See T-cell/histiocyte-rich large 

B-cell lymphoma 

Thrombocytopenia 5 (germline ETV6 

mutation) 126 

TKI therapy 30, 32-34, 36 

T-LGLL 348-350 

T-lymphoblastic leukaemia/lymphoma 

(T-ALL/LBL) 72-74, 78, 79, 168, 192, 

196, 209, 445, 447, 461,466 

T/myeioid mixed-phenotype acute leukaemia 

(MPAL) 185 

T/myeloid mixed-phenotype acute leukaemia, 

NOS 186 

TNEAIP3 262,271,288,304,310,316 

TNERSE14 268, 271,272, 275, 277, 279, 

295 

TNIP1-PDGFRB 75,77 

T/NK-cell lymphoma 368, 462 

T/NK-PTLD 461 

TP53BP1-PDGFRB 77 

T-PLL See T-cell prolymphocytic leukaemia 

TPM3-PDGFRB 77 

TPR-FGFR1 78 

Transient abnormal myelopoiesis (TAM) 

associated with Down syndrome 169 

TRD rearrangement 382 

TRG rearrangement 140, 347, 350, 376, 

380, 382, 395, 399, 401 

TRIM24-FGFR1 78 

True histiocytic lymphoma 468 

Type II enteropathy-associated 

T-cell lymphoma 377 

Type I interferon 174, 175, 176 

T-zone hyperplasia 403 

U 
U2AF1 26,104,105,110,152 

Undifferentiated leukaemia 157, 180, 182, 

187 

Urticaria pigmentosa 62, 63, 65 

V 
VAV1 367, 406 

w 
Waldenstrom macroglobulinaemia 232-234, 

236 

Warts, hypogammaglobulinaemia, 

immunodeficiency, and myelokathexis 

(WHIM syndrome) 234 

WAS See Wiskott-Aldrich syndrome 

DR48-PDGFRB 77 

Wiskott-Aldrich syndrome (WAS) 90, 312, 

314, 444, 445 

X 
Xanthoma disseminatum 480 

X-chromosome inactivation 352 

X-iinked androgen receptor gene (HUMARA) 

assay 56, 472 

X-linked lymphoproliferative disease 

(XLP) 312,314,334 444 

Z 
ZBTB16-RARA 135, 136 

ZEB2 75, 177 

ZEB2-PDGFRB 75 

ZMYM2-FGFR1 78 

ZRSR2 26,104,105,110 
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List of abbreviations 

AIDS acquired immunodeficiency syndrome 

ATP adenosine triphosphate 

CHOP cyclophosphamide, hydroxydaunorubicin, oncovin (vincristine), prednisone 

Cl confidence interval 

CNS central nervous system 

CT computed tomography 

DNA deoxyribonucleic acid 

EBV Epstein-Barr virus 

EORTC European Organisation for Research and Treatment of Cancer 

FISH fluorescence in situ hybridization 

FLAIR fluid-attenuated inversion recovery 

GDP guanosine diphosphate 

GTP guanosine-5'-triphosphate 

H&E haematoxylin and eosin 

HHV human herpesvirus 

HIV human immunodeficiency virus 

HLA human leukocyte antigen 

HTLV-1 human T-lymphotropic virus type 1 

ICD-0 International Classification of Diseases for Oncology 

ig immunoglobulin 

LOH loss of heterozygosity 

MAPK mitogen-activated protein kinase 

MHC major histocompatibility complex 

MRI magnetic resonance imaging 

mRNA messenger ribonucleic acid 

N:C ratio nuclear-to-cytoplasmic ratio 

NKcell natural killer cell 

NOS not otherwise specified 

PAS periodic acid-Schiff 

PCR polymerase chain reaction 

PET positron emission tomography 

RB retinoblastoma 

RBC red blood cell 

RNA ribonucleic acid 

RT-PCR reverse transcriptase polymerase chain reaction 

SEER Surveillance, Epidemiology, and End Results 

SNP single nucleotide polymorphism 

TdT terminal deoxynucleotidyl transferase 

TNM tumour, node, metastasis 

WBC white blood cell 

A note on gene and protein nomenclature: Throughout this volume, we have used the Human Genome Organisation (HUGO) Gene Nomencla¬ 

ture Committee (HGNC) Guidelines (http://www.genenames.org/) for citing genes and proteins. For immunoglobulin (IG) and T-oell receptor (TR) 

alleles, we have used the nomenclature assigned by the ImMunoGeneTics (IMGT) Nomenclature Committee (http://www.imgt.org/), as recom¬ 

mended by HGNC. 
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HEALTH ORGANIZATION CLASSIFICATION OF TUMOURS 

WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues is a Revised 4th Edition Volume of the WHO 
series on histological and genetic typing of human tumours. This authoritative, concise reference book provides an 
international standard for oncologists and pathologists and will serve as an indispensable guide for use in the 
design of studies monitoring response to therapy and clinical outcome. 

Diagnostic criteria, pathological features, and associated genetic alterations are described in a strictly disease- 
oriented manner. Sections on all recognized neoplasms and their variants further include new iCD-0 codes, 
epidemiology, clinical features, macroscopy, prognosis and predictive factors. 

This classification, prepared by 132 authors from 23 countries, contains about 1300 colour images and tables, and 
more than 4500 references. 


